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Animal remains from Neolithic Lameiras, Sintra: 
the earliest domesticated sheep, goat, cattle and pigs in Portugal 
and some notes on their evolution
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ABSTRACT: The fauna of Neolithic Lameiras includes abundant sheep. Many could be secure-
ly identified by applying criteria described by the late Joachim Boessneck as well as metrical 
methods. Sheep bones from Early Neolithic contexts, several dated directly via 14C, pinpoint the 
arrival here, 5450 cal BC, of this exotic animal three thousand years after its domestication 5000 
km to the east. Thus sheep were transported at a rate of 1,6 km per year – considerably faster than 
suggested by the ‘wave of advance’ theory. It therefore seems probable that part of the journey 
was undertaken by ship. Most of the mammal remains identified at Lameiras belonged to domes-
ticated forms and besides sheep and some goat, they include cattle and pig. Zooarchaeologically 
there is little difference between Early and Late Neolithic. However the Neolithic spectrum of 
species contrasts with that from a small assemblage in the underlying Mousterian level as well 
as other pre-Neolithic assemblages in Portugal. It is possible that in southern Portugal the adop-
tion of animal husbandry was sudden. Measurements of the remains of Canis, Bos, Ovis, Capra 
and Sus compared with an increasingly large corpus of data from the South-Western part of the 
Iberian Peninsula indicate several occasions when these animals underwent size changes. Bos, 
Capra and Canis were considerably larger in the Pleistocene – a size difference now documented 
in other regions. Besides a Pleistocene-Holocene reduction in size, they underwent a further dim-
inution associated with their domestication. It is possible that aurochs and wild boar recovered 
some of their former size after the Neolithic, perhaps due to a relaxation of hunting pressure after 
the Mesolithic. Domestic sheep, goats and cattle increased in size in more recent times perhaps 
reflecting Moslem and Christian improvements.
KEYWORDS: FAUNA, DOMESTICATES, NEOLITHIC, PORTUGAL, EVOLUTION
RESUMEN: La fauna neolítica de Lameiras incluye numerosas ovejas. Muchas pudieron ser 
identificadas al aplicar los criterios descritos por el fallecido J. Boessneck y por métodos métri-
cos. Los huesos de oveja de los contextos del Neolítico temprano, algunos datados a través del 
C14, apuntan a la llegada de esta especie hacia el 5.450 cal. D.C. 3.000 años después de su domes-
ticación a 5.000 km de distancia hacia el Oriente. De este modo, las ovejas fueron transportadas a 
un ritmo de 1,6 km al año lo cual es considerablemente más rápido que lo sugerido por la llamada 
teoría de la “ola de avance”. Por ello, parece probable que parte de este viaje se haya llevado 
a cabo en barco. La mayoría de los restos de mamíferos identificados en Lameiras representan 
formas domésticas que además de la oveja y alguna cabra incorporan vacuno y porcino. Desde un 
punto de vista zooarqueológico existe poca diferencia entre el Neolítico temprano y tardío. Sin 
http://dx.doi.org/10.15366/archaeofauna2018.27.006
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INTRODUCTION
Seven kilometres North East of the town of 
Sintra (Estremadura), 143 m above sea level and 
some 10 km inland as a crow might fly from the 
present-day coast of the Lisbon Peninsula; lay the 
ancient settlement of Lapiás das Lameiras. It is at 
latitude 38º 50’ 47,5 N and longitude 9º 20’ 36,7 W 
(Figure 1). 230m2 of this archaeological site were 
extensively excavated under the direction of one 
of us, TS, in 2002 and TS, Patrícia Jordão and Pe-
dro Mendes in 2003, 2004 and 2005 (Mendes et 
al., 2005; Simões, 2004) prior to its destruction 
to make way for a modern housing estate. Some 
Mousterian and much Early Neolithic (EN; includ-
ing Evolved Early Neolithic, EEN) and Late Neo-
lithic (LN) as well as some Chalcolithic remains 
were uncovered at Lameiras.
Herein we describe the animal remains that 
were uncovered from this settlement. Lameiras is 
the first Neolithic excavation in Portugal that has 
provided a substantial quantity of bones which in-
cludes, as we shall describe, many sheep - some 
of which were directly 14C dated. One of our main 
aims is to show that we have correctly identified 
the presence of sheep (Ovis) in the Early Neo-
lithic. Domesticated sheep, like domesticated 
cereals, cattle, goats and pigs, are part of the so-
embargo, el espectro de especies neolíticas contrasta con el de una pequeña muestra en el nivel musteriense que subyace a 
estos depósitos así como a otras muestras preneoliticas en Portugal. Es posible que en el sur de Portugal la adopción de la 
práctica ganadera haya sido rápida. Los valores de los restos de Canis, Bos, Ovis, Capra y Sus apuntan a varios momentos 
en los cuales los animales sufrieron cambios de tamaño, datos que encajan con el corpus osteométrico que se viene reco-
pilando para el sector sudoccidental de la Península Ibérica. Bos, Capra y Canis eran considerablemente más grandes en 
el Pleistoceno, una diferencia de talla ahora documentada en otras regiones. Además de la reducción de tamaño durante 
la transición Pleistoceno-Holoceno estas especies sufrieron otra adicional asociada con su proceso de domesticación. Es 
posible que tanto uros como jabalíes recuperasen parte de sus antiguas tallas al concluir el Neolítico. Quizás ello se deba 
a una relajación en la presión de caza operada tras el Mesolítico. Las ovejas, cabras y vacas domésticas aumentaron de 
tamaño en épocas más recientes reflejando posiblemente mejoras en las prácticas pecuarias de musulmanes y cristianos. 
PALABRAS CLAVE: FAUNA, ANIMALES DOMÉSTICOS, NEOLÍTICO, PORTUGAL, EVOLUCIÓN
Ever since man assumed the habit, at least 10,000 years ago, of living in more or less permanent settlements, 
his relationship to the animal world has undergone changes. As a hunter and food collector he felt essentially 
a part of nature, but once permanent settlement had become the rule, his attitude to animals was profoundly 
changed. The outcome of this process was the domestication of certain species, with most of which we are 
familiar at the present day.
 (Frederick E. Zeuner, 1963 A History of Domesticated Animals, p. 9)
“. . . this dim beginning of the Neolithic period, … a time when the world was gathering its forces… wise 
men came out of the East, … in the New Stone Age, were to press along to the cry of “Westward Ho,” and 
build up new civilizations. … They had domesticated the dog, and it may have occurred to them to do the 
same with other animals, and so save themselves the trouble of hunting. … man became a herdsman, and had 
flocks to tend. This added to his responsibilities; while as hunter, or beach-comber, his cares were few, he 
must have found that with possessions his troubles began.” 
(Marjorie & Charles H.B. Quennell, 1922 Everyday life in the New Stone, Bronze & Early Iron Ages, p. 3.)
The Sheep is certainly one of the animals which was first placed by the Divine Providence under subjection 
to man. From the earliest period of the world’s history it has continued administering to the want of almost 
all nations, and at the present time, is more extensively used in the human economy than any other animal. 
 (Sir William Jardine, 1836 The Naturalist’s Library; XXII Mammalia. Ruminantia, p. 128) 
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called ‘Neolithic Package’ signifying the practise 
of animal and plant husbandry or farming. This 
is because there were no sheep in Europe prior 
to their domestication. Wild sheep lived, and still 
live, some 4-5000 km away to the east where they 
were first domesticated in the mid 9th millenni-
um BC – probably in the Upper Euphrates-Tigris 
basin (Peters et al., 2005). Genetic studies, both 
of the numbers of chromosomes (karyotype) and 
DNA structure, indicate that of the four species 
of wild sheep distributed across Asia and into the 
Near East, the ancestor of our domesticated sheep 
was the west Asian mouflon, Ovis orientalis (Na-
dler et al., 1973; Bunch et al., 1976; Hiendleder 
et al., 2002; Pedrosa et al., 2005; Chessa et al., 
2009).
With direct 14C dates obtained from several of 
the Lameiras sheep bones, we can be fairly sure 
that animal husbandry began here in southern Por-
tugal in the sixth millennium BC. Moreover, we 
can now estimate how long it took for this animal to 
be shepherded out of the Near East and across Eu-
rope to Portugal. However, sheep bones are easily 
confused with bones of other taxa especially Capra 
that are common on archaeological sites. In their 
discussion of the evidence for early farming econ-
omies in the Iberian Peninsula, Zilhão (2011) and 
Martins et al. (2015) emphasize the importance not 
only of secure dates of Early Neolithic sheep bones 
but also their correct identification with supporting 
descriptions – both graphical and metrical. We try 
to provide full supporting evidence - morphologi-
cal and metrical - for our identifications. Besides 
the sheep remains, the Lameiras faunal collection 
is of great importance.
Considered within an ever expanding knowl-
edge of faunal remains from late Pleistocene and 
Chalcolithic to post-Medieval archaeological sites, 
the Neolithic bones from Lameiras fill an import-
ant gap in the history of the fauna of Portugal 
during the last 30 millennia. Hence we now have 
a chronologically extended and more complete 
sequence which can help us understand the evo-
lution of the more common animals that comprise 
the Portuguese fauna. Moreover, given the good 
preservation of many of the Lameiras bones, their 
measurements - in particular those of Bos, Ovis, 
Capra and Sus - contribute towards a long-term 
study of the osteometric variation of these animals. 
With this important gap in the zooarchaeological 
succession partly filled (if in only a small way), 
we interpret variations in terms of environmental 
conditions, hunting pressure, domestic status and 
subsequent improvement.
A small, but nonetheless significant, collection 
of fish bones from both Early and Late Neolithic 
levels was also recovered. Most of the fish bones 
are from the Early Neolithic. These aid our un-
derstanding of fish procurement and utilization in 
the past. Despite their small number the fish are of 
particular interest as, like mammals, few fishbone 
collections are known from Neolithic Portugal.
We discuss certain questions concerning both 
the Neolithic of Portugal and the evolution of the 
main taxa represented at Lameiras. For example 
did the Neolithic with its exotic fauna (e.g., do-
mestic sheep) appear suddenly in the zooarchae-
ological record? Did the inhabitants of Lameiras 
continue the hunting, fishing and gathering life-
style of their Palaeolithic and Mesolithic fore-
bears? Was animal husbandry at Lameiras differ-
ent from that practised in later times, and if so, 
when did changes occur? 
MATERIAL AND METHODS
The Lameiras animal bones were recovered by 
hand and most are well preserved. One important 
caveat relates to the method of excavation. Many 
of the Early Neolithic contexts and only a few of 
the Late Neolithic ones were subjected to careful 
wet sieving. No quantitative account of the pro-
portions of sieved and unsieved materials was 
made at the time of the excavation. This, at least 
in part, explains the greater proportion of fish and 
certain small animals represented in the EN com-
pared to the LN. Some 1000 remains of medium 
and large-sized mammals, over 100 rabbits, a few 
birds, amphibia, reptiles and 80 fish bones were 
identified and recorded. This collection is there-
fore sufficiently large to indicate approximately 
the percentages of the more common animals, and, 
for the more abundant taxa, to provide some useful 
measurements (the raw measurements, in tenths of 
a millimetre, of teeth and bones are given in Ap-
pendix A) and a rough estimate of their ages when 
slaughtered (dental eruption and wear stages are 
given in Appendix B). The 80 fish bones are de-
scribed separately below.
For a full description of the methods used to re-
cord and count the mammal bones see Davis (1992, 
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2002). In brief, mandibular teeth and a restricted 
suite of Parts of the Skeleton Always Counted or 
PoSACs (i.e., a predetermined set of articular ends/
epiphyses and metaphyses of girdle, limb and foot 
bones) were recorded. In order to avoid multiple 
counting of very fragmented bones, at least 50% of 
a given part had to be present for it to be included 
in the records.
The epiphysis of a mammal-bone is described 
as either “unfused” or “fused”; “unfused” when 
there are no spicules of bone connecting epiphysis 
to shaft so that the two separate easily, and “fused” 
when the epiphysis cannot be detached from the 
metaphysis. Caprine teeth were assigned to the 
eruption and wear stages of Payne (1973, 1987). 
Cattle and pig teeth were assigned to the eruption 
and wear stages of Grant (1982). Measurements 
taken on the humerus and metapodials are illus-
trated in figure 1 in Davis (1996). In general, other 
measurements taken are those recommended by 
Driesch (1976). Some of these are used to deter-
mine the status – wild or domestic – of the animal 
species in question and others are used to aid in 
the distinction between taxa as is illustrated in the 
figures herein. Measurements are also a useful aid 
in understanding the variation of animal size in the 
course of time – variations that can be associated 
with environmental and cultural factors.
The fish assemblage comprises 80 specimens 
of which 73 could be identified to species or high-
er taxonomic level as in Whitehead et al. (1989). 
Fish remains were quantified using the Numbers of 
Identified Specimens (NISP) - the raw bone counts 
for each taxon. Minimum Numbers of Individuals 
(MNI) were also estimated using paired elements 
and vertebrae when their features permitted assign-
ment to species and/or location within the verte-
bral column. Measurements were taken according 
to Morales & Rosenlund (1979). The approximate 
sizes of the Lameiras fish were estimated by com-
paring them to specimens of known length in the 
LARC reference collection. Size estimates refer to 
the total length of fish (TL) - measured from the 
tip of the snout to the edge of the tail. Natural and 
cultural alterations were also recorded in order to 
recognise which agents were responsible for the 
accumulation of the fish bones.
The animal remains from Lameiras are stored 
in the Archaeology Museum of São Miguel de 
Odrinhas, near Sintra.
DATES
Four distal humeri and a distal metacarpal iden-
tified as sheep contained sufficient organic matter 
to enable radiocarbon dating by the Oxford Radio-
carbon Laboratory. Their dates are as follows: 
FIGURE 1
Map of the south western part of the Iberian Peninsula to show 
the locations of sites mentioned. 1 - Rendufe (Mosteiro de Sto. 
André); 2 - Lagar Velho; 3 – Cadaval; 4 – Caldeirão; 5 - Lapa 
dos Coelhos; 6 - Gruta da Oliveira; 7 - Abrigo Grande das Bocas 
(Abrigo I das Bocas); 8 - Castro Columbeira; 9 - Vale de Frade; 
10 - Alcáçova de Santarém; 11 - Vila Nova São Pedro; 12 - Tole-
do; 13 - São Pedro Fronteira; 14 - Cabeço da Arruda; 15 - Cabeço 
da Amoreira; 16 - Moita do Sebastião; 17 - Castro do Zambujal; 
18 - Torre de Palma; 19 - Vila Franca Xira; 20 - São Miguel, 
Odrinhas; 21 - Penedo Lexim; 22 - Lapiás de LAMEIRAS; 23 - 
Pego do Diabo; 24 - Almoinhas-Villa; 25 - Almoinhas-Habitat; 
26 - São Pedro Canaferrim; 27 - Belas; 28 - Espargueira-Serra 
das Éguas; 29 - Carnide (Largo do Coreto); 30 – Leceia; 31 - 
Palácio Centeno; 32 - Paraíso (Horta do); 33 – Evoramonte; 34 
- São Pedro, Redondo; 35 - Figueira Brava; 36 – Perdigões; 37 
– Mercador; 38 - Barca do Xerez; 39 – Barrosinha; 40 – Ara-
pouco; 41 - Poças de São Bento; 42 - Cabeço das Amoreiras; 
43 - Monte da Tumba; 44 - Porto Torrão; 45 - Beja (Av. Miguel 
Fernandes); 46 - Samouqueira-I; 47 - Vidigal-Abrigo; 48 - Vidi-
gal-Concheiro; 49 – Fiais; 50 – Silves (Biblioteca, Rua Cruz de 
Portugal); 51 - Vale Boi; 52 - Castro Marim; 53 - Los Barruecos; 
54 - Los Castillejos.
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The two oldest dates obtained from these Lamei-
ras sheep bones, like the two from the Early Neolithic 
at Caldeirão cave, can be calibrated to approximate-
ly 5,450 cal BC. This is the beginning of the Early 
Neolithic in Portugal which is generally considered 
to date from a little before approximately 5,400 cal 
BC (Zilhão, 2001; Carvalho, 2003 and pers. com.; 
Bernabeu et al., 2014). The Early Neolithic has sim-
ilar dates in Catalonia (Cebrià et al., 2014; Martins 
et al., 2015). Martins et al., (2015) even argue that 
the date of arrival of the Early Neolithic in Catalonia 
is “statistically indistinguishable” from its arrival in 
Portugal which supports Zilhão’s (2001) maritime 
colonization hypothesis, but is delayed by many 
centuries in NW Portugal, Galicia and Cantabria 
(see also below). In order to avoid problems asso-
ciated with stratigraphic contamination and factors 
like the ‘old wood’ problem, these investigators 
restricted their considerations to radiocarbon dates 
obtained from charred seeds of wheat and barley and 
confirmed sheep bones from Catalonia.
A DESCRIPTION OF TAXA IDENTIFIED AND 
THE SIZE AND SHAPE OF THEIR BONES
The mammal remains from Neolithic Lameiras 
include, among others, the following taxa (Tables 
1-7): caprines (most sheep and some goats), Sus 
(probably most if not all pig; the two being diffi-
cult to distinguish), Bos (most, if not all, cattle but 
there may be some aurochs bones), and Capreolus 
(roe deer). Of the few bones from the Mousterian, 
most are horse, an animal also present in the Chal-
colithic along with a bone that clearly belonged to 
a much smaller equid. Altogether these remains 
provide a substantial corpus of measurements that, 
when set out graphically alongside their late Pleis-
tocene – modern relatives in Portugal, provide a 
more complete picture of how they changed size in 
the course of time. It is possible in certain cases to 
associate size variations with changes in the envi-
ronment or the direct or indirect influence of man. 
Since measurements have played an important role 
in our identification of the animal remains from 
Lameiras and their evolution, let us briefly con-
sider some of the factors that can influence body 
size - a most important biological variable for the 
zooarchaeologist.
In this section we try to explain how we have 
made our identifications at Lameiras. These rely 
to a large extent on comparing size and shape be-
tween closely related taxa to aid in their separation, 
and also between samples of the same taxon in or-
der to distinguish between their wild and domestic 
forms. Wild ungulates are, for example, consider-
ably larger than their domestic cousins. In brief, 
mammal size can be influenced by environmental 
temperature, overhunting, wild-domestic status 
and artificial selection (i.e., improvement).
Many mammals are known to have undergone a 
size change at the Pleistocene - Holocene boundary in 
many different parts of the world. Examples include 
North America (Harris & Mundel, 1974; Schultz, 
1976); South Africa (Hendey, 1974; Klein, 1976); 
Sumatra (Badoux, 1964); Spain (Castaños, 1987, 
1990) and the Near East (Kurtén, 1965; Tchernov, 
1968; Clutton-Brock, 1969; Davis, 1981). The red 
deer, goats, aurochs (wild cattle), rabbits and wolves 
of late Pleistocene Portugal were also considerably 
larger than in the early Holocene (see below and also 
Davis & Moreno-García, 2007; Davis & Mataloto, 
2012; Davis & Detry, 2013). This Pleistocene – Ho-
locene size reduction of many mammalian taxa may 
be associated with the drastic climate changes that 
occurred some 11-12 thousand years ago. Generally, 
those taxa that in the past underwent a size decrease 
at the end of the Ice Age, today become smaller as 
environmental temperature increases. For example 
wolves were large in the late Pleistocene and today 
wolves decrease in size from Russia/Scandinavia to 
Arabia (Davis, 1981). In modern humans too, Ruff 
(1994) notes an inverse correlation between body 
size and environmental temperature.
The domestication of animals was accompanied 
by size changes – rabbits and chickens became larg-
er and cattle, sheep, goat and pigs became smaller 
– changes discussed by Charles Darwin (1885; vol 
1). Most dogs are smaller than their ancestor the 
wolf. Size is therefore one of the most useful cri-
Humerus-distal UE 71 (Late Neolithic) OxA-29112 4122 ± 33 BP = 2869-2579 cal BC
Humerus-distal UE 53 (Early Neolithic) OxA-29234 6186 ± 36 BP = 5286-5019 cal BC
Humerus-distal UE 27-2 (Early Neolithic) OxA-29111 6314 ± 33 BP = 5357-5220 cal BC
Metacarpal-distal UE 53 (Early Neolithic) OxA-29110 6494 ± 34 BP = 5517-5374 cal BC
Humerus-distal UE 53 (Early Neolithic) OxA-29109 6497 ± 34 BP = 5521-5375 cal BC
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teria for zooarchaeologists to use when trying to 
identify the status – wild or domestic – of the ani-
mals represented in an archaeological assemblage 
(Reed, 1961; Higham, 1968; Uerpmann, 1979).
Continued and excessive hunting of mammals 
may lead to diminution of size (Koch & Barnosky, 
2006); as Miłkowski & Wójcik (1984) and Colt-
man et al., (2003) noted in Polish wild boars and 
Canadian wild sheep respectively.
In later (historical) times, size variations in lin-
eages of domestic livestock can be discerned by 
the zooarchaeologist. Size increases are presumed 
Bone/tooth F/U Bos Ovis/Capra (Capra) (Ovis) Sus CEE CAC Equus Lepus ORC Canis Vulpes Felis
dP4 - - - - -  - - -
P4 - - - - - -  - - -
P3/4 - - - - - 2  
M1 - - - - - -  - - -
M1/2 1 - - 1 - 3  
M2 - - - - - 1  - -
M3 1 - - - - 4  
Mandible    - -
Scapula U - - - - - - - - - - -
“ F - - - - - - - - - - -
“ ? - - - - - - - - - - -
Humerus UM - - - - - - - - - - -
“ UE - - - - - - - - - - -
“ F - - - 1(?F) - - - 2 - - -
Radius UM - - - - - - - - - - -
“ UE - - - - - - - - - - -
“ F - - - - - - - - - - -
Metacarpal UM - - - - - - - - - - -
“ UE - - - - - - - - - - -
“ F - - - - - - - - - - -
Ischium - - - - - - - - - - -
Femur UM - - - - - - - - - - -
“ UE - - - - - - - - - - -
“ F - - - - - - - - - - -
Tibia UM - - - - - - - - - - -
“ UE - - - - - - - - - - -
“ F - - - - - - - 1 - - -
Calcaneum U - 1 - - - - - - - - -
“ F - - - - - - - 8 - - -
“ ? - - - - - - 1 1 - - -
Astragalus - - - - - - - 3 - - -
Metatarsal UM - - - - - - - - - - -
“ UE - - - - - - - - - - -
“ F - - - - - - - - - - -
Phalanx I UM - - - - - - - - - - -
“ UE - - - - - - - - - - -
“ F - - - - - - - - - - -
Phalanx III - - - - - - - - - - -
Metapodial UM - - - - - - - - - - -
“ UE - - - - - - - - - - -
“ F - - - - - - - - - - -
Others 1 molar frag
1 M & 
3 PM/M
TABLE 1
Lameiras Mousterian - counts of mammalian bones.
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to reflect agricultural improvements (see for ex-
ample Matolsci, 1970; Audoin-Rouzeau, 1995; 
Davis & Beckett, 1999; Colominas et al., 2013; 
Thomas et al., 2013) and a size reduction, a de-
cline in agricultural standards (Grau-Sologestoa, 
2015).
What follows are more detailed descriptions of 
the Lameiras bones alongside their ancestors and 
descendants here in southern Portugal. We shall at-
tempt to link their variations in size with the afore-
mentioned factors.
Bone/tooth F/U Bos Ovis/Capra (Capra) (Ovis) Sus CEE CAC Equus Lepus ORC Canis Vulpes Felis
dP4 1 11 (1) (9) 4 - - -  - - -
P4 - 6 3 - - -  - - -
P3/4 - - - - - -  - - -
M1 - 8 (1) (4) 1 - - -  - - -
M1/2 1 11 8 - - -  - - -
M2 - 3 (3) 2 - - -  - -
M3 - 5 3 - - -  
Mandible    - - 1
Scapula U - 1 1 - - - - - - - -
“ F 1 2 2 - - - - 3 - - 1
“ ? - 2 - - - - - - - - -
Humerus UM - - 7 - - - - - - - -
“ UE - 1 (1) 5 - - - - - - - -
“ F - 10 (5) 2 - - - - 9 - 1 1
Radius UM - - 2 - - - - - - - -
“ UE 1 4 4 - - - - - - - -
“ F - 4 - - - - - - - - 1
Metacarpal UM - - - - - - - - - - -
“ UE - 5 (2½) (1½) - - - - - - - - -
“ F - 2 (2) - - - - - - - - -
Ischium 1 4 1 - - - - 4 - - -
Femur UM - 1 - - - - - - 1 - -
“ UE - 4 2 - - - - 1 1 - -
“ F - 3 - - - - 1 3 - - -
Tibia UM - - 2 - - - - - - 1 -
“ UE - 6 5 - - - - - - - -
“ F - 7 1 - 1?id - - 3 - - 1
Calcaneum U 1 5 (1) (2) 7 - - - - - - - -
“ F - 1 (1) 1 - - - - 7 - - 2
“ ? - 4 (1) 1 - - - - 1 1 - -
Astragalus - 21 (4) (8) 8 - - - - 3 - - -
Metatarsal UM - - - - - - - - - - -
“ UE 1 4½ (1) (1½) - - - - - - - - -
“ F 2 3 (½) (2½) - - - - - 6 - - -
Phalanx I UM 1 4 11 - - - - - - - -
“ UE - 3 12 - - - - - - - -
“ F 1 8 6 - - - - - - 3 -
Phalanx III 3 20 (3) (11) 5 - 3 - - - - - -
Metapodial UM - ½ 1½ - - - - - - - -
“ UE 1 2½ 8½ - - - - - - - -
“ F - ½ 1½ - - - - 2 - 2 -
Others 2 tooth frags
TABLE 2
Lameiras Early Neolithic - counts of mammalian bones.
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Bos – aurochs/cattle
Domestic cattle are descended from the au-
rochs, Bos primigenius, probably first domesticat-
ed in the Near East. Whether wild cattle in other 
parts of Europe were independently domesticated 
is still uncertain, although current evidence points 
to a Near Eastern origin, at least for European cat-
tle (Edwards et al., 2007). In most parts of Europe 
Bone/tooth F/U Bos Ovis/Capra (Capra) (Ovis) Sus CEE CAC Equus Lepus ORC Canis Vulpes Felis
dP4 5 4 (2) (2) 2 - - -  - - -
P4 - 2 - - -  - - -
P3/4 - - - - - -  - - -
M1 - 2 2 - - -  - - -
M1/2 4 8 2 - - -  - - -
M2 - 3 - - -  - -
M3 2 1 2 - - -  
Mandible - - -
Scapula U - 2 - - - - - - - -
“ F 2 2 - - - - 1 - -
“ ? 1 - - - - - - - - -
Humerus UM - - 1 - - - - - - - -
“ UE - 1 - - - - - - - -
“ F 1 2 (2 ) 1 - - - - 6 -
Radius UM - 2 - - - - - - - -
“ UE 5 1 - - - - - - - -
“ F - 1 - - - - - - - -
Metacarpal UM - 2 - - - - - - - - -
“ UE 1 1 (½) - - - - - - - - -
“ F - 2½ (2½ ) - - - - - - - - -
Ischium 2 1 - - - - - - -
Femur UM - - - - - - - - -
“ UE - 1 - - - - - -
“ F - - - - - 1 - - -
Tibia UM - 1 - - - - - - -
“ UE - - - - - - - - -
“ F - 2 2 - - - - -
Calcaneum U 3 (2 ) 1 - - - - - - - -
“ F - 1 - - - - 1 - -
“ ? 1 2 2 - - - - - -
Astragalus 2 11 ( 1) (7 ) 7 - - - - 3 - - -
Metatarsal UM - - - - - - - - - - -
“ UE 1½ (1) - - - - - - - - -
“ F 2 ( 2) - - - - - 1 - - -
Phalanx I UM 3 - - - - - - - -
“ UE 1 3 - - - - - - - -
“ F 5 6 2 - - - - - - -
Phalanx III 1 1 ( 1) 4 - - - - - - -
Metapodial UM - ½ - - - - - - - -
“ UE ½ 1½ ½ 1½ - - - - - - - -
“ F ½ 1½ - - - - 1 - -
Other bones: Intermediate phalanx - Capreolus; Fish vertebrae: 2; Proximal phalanx - Otis tarda: 1.
TABLE 3
Lameiras Evolved Early Neolithic - counts of mammalian bones.
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and the Near East, distinguishing between bones 
of the wild and bones of the domesticated forms 
can be done on the basis of size – with those of 
the aurochs being considerably larger. However, 
for certain measurements of certain bones there 
can be some overlap between small female aurochs 
and large male domestic cattle. Here in Portugal, 
in the Iron Age and subsequent periods, there is no 
secure evidence for aurochs. The aurochs probably 
became extinct in the Chalcolithic or Bronze Age 
(Castaños, 1991). Mesolithic Bos (i.e., aurochs) 
bones are on average considerably larger than Bos 
Bone/tooth F/U Bos Ovis/Capra (Capra) (Ovis) Sus CEE CAC Equus Lepus ORC Canis Vulpes Felis
dP4 5 24 (6) (16) 6 - - -  - - -
P4 1 23 3 - - -  - - -
P3/4 - - - - - -  -
M1 1 33 (2) (7) 5 - - -  1 - -
M1/2 7 66 6 - - -  - -
M2 2 31 (5) 4 - - -  - -
M3 5 41 (1) 8 - - -  - -
Mandible    - 6
Scapula U - - 3 - - - - - - - -
“ F 1 - 3 - - - - 1 - - -
“ ? - 4 9 - - - - 1 - - -
Humerus UM - - 1 - - - - - - - -
“ UE - 1 - - - - - - - - -
“ F 1 17 (2) (6) 5 - 1 - 1 4 - - -
Radius UM - 2 - - - - - - - - -
“ UE - 5 2 - - - - - - - -
“ F - - - - - - - - - - -
Metacarpal UM 2 - ½ - - - - - - - -
“ UE - ½ (½) - - - - - - - - -
“ F 4 ½ (½) 2 - - - - - - - -
Ischium 1 3 4 1 - - 1 6 - - -
Femur UM - 1 - - - - - - - - -
“ UE - - - - - - - - - - -
“ F - - - - - - - 3 - - -
Tibia UM 1 3 4 - - - - - - - -
“ UE 1 - 4 - - - - - - - -
“ F 2 5 4 1 - - - 3 - - -
Calcaneum U 2 3 (1) 7 - - - - 1 - - -
“ F - 1 (1) - - - - 1 4 - - -
“ ? 4 3 (1) 3 - - - - - - - -
Astragalus 5 21 (4) (8) 10 - - - - - - - -
Metatarsal UM - 1 (1) - - - - - - - - -
“ UE - - - - - - - - - - -
“ F 2 ½ (½) ½ - - - - 2 - - -
Phalanx I UM 2 3 3 - - - - - - - -
“ UE 1 1 4 - - - - - - - -
“ F 10 4 15 - - - - - 1 - -
Phalanx III 5 3 (3) 8 - - - - - - - -
Metapodial UM - - - - - - - - - - -
“ UE 1½ 1 4½ - - - - - - - -
“ F 1½ 1 1½ - - - - - 1 - -
TABLE 4
Lameiras Late Neolithic - counts of mammalian bones.
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Bone/tooth F/U Bos Ovis/Capra (Capra) (Ovis) Sus CEE CAC Equus Lepus ORC Canis Vulpes Felis
dP4 - 2 (1) - - - -  - -
P4 - 1 - - - -  - - -
P3/4 - - - - - -  
M1 - 1 1 - - -  - - -
M1/2 2 9 2 - - -  
M2 - 1 1 - - -  - -
M3 2 1 1 - - -  - -
Mandible    - 2
Scapula U - - - - - - - - - - -
“ F - - - - - - - - - - -
“ ? - - - - - - - 1 - - -
Humerus UM - - - - - - - - - - -
“ UE - - - - - - - - - - -
“ F - 2 (1) (1) - - - - - 1 - - -
Radius UM - - - - - - - - - - -
“ UE - - - - - - - - - - -
“ F - - - - - - - - - - -
Metacarpal UM - - ½ - - - - - - - -
“ UE - - - - - - - - - - -
“ F - - - - - - - - - - -
Ischium - - - - - - - - - - -
Femur UM - - - - - - - - - - -
“ UE - - - - - - - - - - -
“ F - - - - - - - 1 - - -
Tibia UM - - - - - - - 1 - - -
“ UE - - - - - - - - - - -
“ F - - - - - - - 1 - - -
Calcaneum U - - - - - - - - - - -
“ F - - - - - - - 2 - - -
“ ? - - - - - - - - - - -
Astragalus 1 - 1 - - - - - - - -
Metatarsal UM - - - - - - - - - - -
“ UE - - - - - - - - - - -
“ F - - - - - 1?EQC - - - - -
Phalanx I UM - - - - - - - - - - -
“ UE - - - - - - - - - - -
“ F - 2 1 - - - - - - - -
Phalanx III - - 1 - - - - - - - -
Metapodial UM - - - - - - - - - - -
“ UE - - ½ - - - - - - - -
“ F - - ½ - - 1?EQH - - - - -
Others Tooth frag
TABLE 5
Lameiras Chalcolithic - counts of mammalian bones.
Tables 1 to 5.
Numbers of teeth and bones recorded in the Mousterian, Early Neolithic, Evolved Early Neolithic, Late Neolithic, and Chalcolithic layers 
at Lameiras. These are the PoSACs described in Davis (1992, 2002). Single metapodial condyles (Sus metapodials and broken bovid and 
cervid metapodials) are counted as halves, for example in the Late Neolithic there were 9 unfused Sus metapodial epiphyses; hence the 
number given is 4½. Taxa are abbreviated as follows: ‘Bos’ - cattle and wild cattle (B. taurus/primigenius); ‘Ovis/Capra’ - caprine bones 
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Chalcolithic
 Partridge, Alectoris cf rufa (1 coracoid, 1 tarso-metatarsus).
Late Neolithic 
 Toad, Bufo (several limb-bones);
 Lizard, Lacerta (1 mandible). 
Mixed Early and Late Neolithic
 Great bustard, Otis tarda (1 proximal phalanx).
Early Neolithic 
 Amphibian limb-bones (9; 4 of which are Bufo bufo); 
 Pond turtle, Mauremys (1 plastron fragment) ; 
 Lizard, Lacerta (1 mandible); 
 Buzzard – probable Goshawk, Accipiter cf gentilis (1 radius) and probable Common buzzard, Buteo buteo (1 tarso-metatarsus);
 Hedgehog, Erinaceaus europaeus (3 mandibles); 
 Field mouse, Apodemus (3 lower first molar teeth M1); 
 Water vole, Arvicola sapidus (1 mandible). 
Mousterian
 Amphibian, Bufo bufo (numerous limb bones);
 Mole, Talpa (numerous humeri);
 Vole lower first molar tooth M1 (Microtus cf. cabrerae and M. cf. lusitanicus).
TABLE 6
Other vertebrate remains, except fish, found at Lameiras.
Taxon Mousterian E. Neol. E. E. Neol. L. Neol ChalcolithicN % N % N % N % N %
Caprines (sheep/goat) 1 - 177 48 75,5 49 302,5 56 17 -
(Sheep* - 44,5 20 33,5 2 )
(Goat* - 14 3,5 17 1 )
Cattle/aurochs 2 - 15 4 21 14 68 13 5 -
Pig/wild boar - - 117,5 32 41,5 27 130 24 9,5 -
Equid 10 - + 0 0 2 -
(Horse - 0 - 0 1 )
(E. hydruntinus - 0 - 0 1 )
Red deer 2 - 0 0 2 + 0 -
Roe deer - - 5 1 + + 1 + 0 -
Hare 1 - 0 0 3 1 0 -
Rabbit 15 - 43 12 15 10 31 6 9 -
Dog/wolf - - 2 + 0 3 1 0 -
Cat - - 6 2 0 0 - 0 -
Fox - - 7 2 0 0 - 0 -
Total 31 372,5 153 540,5 42,5
* For the sheep and goat counts, in italics, only dP4, humerus, metacarpal, astragalus, metatarsal and terminal phalanx are counted – these are 
the parts that can often be determined to species. Note that the counts of caprines include caprines not identified to species (sheep or goat) and 
parts identified as definite sheep or definite goat. The counts of equids include equids not identified to species (horse or E. hydruntinus) and parts 
identified as definite horse or definite E. hydruntinus. These like the sheep and goat are shown in italics. E.E.Neol refers to bones found in the 
south sector in a stratigraphically distinct layer that is assigned to the later part of the Early Neolithic.
TABLE 7
A listing of the medium and large size mammals at Lameiras; ‘N’ is the number of recorded teeth and bones and percentages (embold-
ened) are calculated to the nearest whole number. 
that could not be identified to species as well as those that could be identified as either sheep (Ovis) or goat (Capra), thus in the Late 
Neolithic, of the 21 caprine astragali, 4 were definite goat, 8 definite sheep and nine unidentified sheep or goat; ‘Sus’ - wild boar and pig; 
‘CEE’ – red deer, Cervus elaphus; ‘CAC’ – roe deer, Capreolus capreolus; ‘Equus’ - both horse, E. caballus (EQC) and Otranto ass, E. 
hydruntinus (EQH); ‘Lepus’ - hare; ‘ORC’ – rabbit, Oryctolagus cuniculus; Canis - dog and wolf; ‘Vulpes’ – fox; and ‘Felis’ – cat, Felis 
silvestris. The bone fusion symbols are: ‘F’ – epiphysis fused (adult), ‘UE’ and ‘UM’ - unfused epiphysis and metaphysis respectively 
(juvenile). ‘U’ refers to scapulae with unfused coracoid or calcaneum with unfused tuber calcis. 
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bones from Iron Age to Medieval-Moslem periods 
with little overlap. In the Iberian Peninsula, like the 
Near East (Davis, 1981), the late Pleistocene au-
rochs was larger still – presumably adapted to the 
lower temperature at the end of the Pleistocene – a 
case of what Bergmann (1847) first wrote about. 
Figures 2 to 6 are stacked histograms of mea-
surements of Bos teeth and bones from late Pleisto-
cene to present day Portugal and sites in neighbour-
ing parts of Spain as well as Denmark and England. 
These show a) the extent to which it is possible to 
distinguish metrically between aurochs and cattle 
and b) the size variation of Bos in the south-western 
part of the Iberian Peninsula from late Pleistocene 
times through to the present day – a history that is 
proving both complicated and interesting.
One measurement that is useful for making the 
wild-domestic distinction in archaeological re-
mains of Bos, is the length of the lower third molar 
tooth (M3). This is not only because teeth are of-
ten well preserved but in most artiodactyls molars 
show little sexual size-dimorphism (see for ex-
ample Degerbøl, 1963 and Degerbøl & Fredskild, 
1970: 87 for Bos and Payne & Bull, 1988 for Sus 
and figure 6.1 in Steele, 2002 for Cervus). This 
means that any average size differences are real 
ones and not ones due to an imbalance in the sex 
ratio in one or other of the samples being com-
FIGURE 2
Variation in size of Bos – aurochs and cattle. Chronological size change - the length of the lower third molar tooth (M3) – in late Pleis-
tocene and early Holocene Portugal, above, and in early Holocene Denmark (Degerbøl, 1970), below. Degerbøl wrote that he always 
measured his teeth “at the basal part”, due to the variation according to the place where the measurement is taken, and so he took his 
measurements in the same way as the Portuguese ones here.
Portugal - the six Bos M3s from Lameiras, one Mousterian (this large specimen is also shown in Figure 29), three Neolithic (LN = Late Neolithic, EEN = Evolved Early Neolithic) and one Chalcolithic and another Chalcolithic/Neolithic, a single aurochs M3 from Mesolithic 
Muge (from Cleia Detry) and the Late Neolithic specimen from Belas, near Lisbon (own data unpublished). 
Denmark - a simplified version of figure 17 from Degerbøl & Fredskild (1970). This shows their difference in size associated with 
domestication – i.e., between aurochsen and cattle. It also shows a decrease in size of aurochsen during the Mesolithic – the Boreal/
Maglemosian aurochsen being larger than the few Subboreal/Ertebølle ones. However, in the absence of late Pleistocene specimens, 
there is no indication of a Pleistocene - Early Holocene size difference as occurred in other regions such as the Near East (Davis, 1981).
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pared. Magnus Degerbøl (Degerbøl & Fredskild, 
1970) pioneered the study of early Holocene size 
variation of aurochsen and domestic cattle in his 
monograph on the Bos from Denmark. Many were 
preserved as entire skeletons that could therefore 
be sexed. With his careful inclusion of measure-
ments, graphs and figures his study serves as a use-
ful benchmark against which we can compare our 
Bos specimens from Lameiras and southern Por-
tugal. Figure 2 shows Portuguese Bos M3 lengths 
FIGURE 3
Odontometric distinction between cattle and aurochsen upper molar teeth. Plots of the circumferences of the base of the crown of M1, M2 and M3 from Early Bronze Age Irthlingborough, southern England, compared with one first, four second, and seven third upper molars from late Neolithic Belas (Lisbon region) and the single upper third molar from Lameiras (UE-149; Mousterian). At Irthlingborough most 
of the molars, shown in light grey, are considered to have belonged to cattle while one first, two second and two third molars, shown in 
black, and of considerably greater size, are identified as aurochs – Bos primigenius. Inset: the four sides of an isolated M2 to show how 
the dental circumference is measured by winding cotton thread around the crown base (arrowed, as described in Davis & Payne, 1993). 
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FIGURE 4
Chronological changes in size of aurochs and cattle in Portugal. Stacked histograms of measurements of the distal width (BFd) of meta-
carpals. The sex of the owners of 21 of the Beja metacarpals was ascertained via their ancient DNA and the results are shown on the top 
(see Davis et al., 2012). They indicate the degree of sexual size dimorphism exhibited by cattle metacarpals. “N” refers to sample size. On 
average the Mesolithic aurochsen were larger than the 10 from Zambujal – the latter all presumably domestic cattle. The lack of aurochs 
metacarpals from Chalcolithic sites (there may only be one from São Pedro, Redondo) makes it difficult to see the Mesolithic - Chalco-
lithic size increase observable in the astragali (see Figures 5 and 6). Three of the Lameiras metacarpals are small and almost certainly 
belonged to domestic cattle while the largest is uncertain wild or domestic. Note the very large specimens from Late Pleistocene Vale Boi, 
and the size increase after the Moslem period probably reflecting Christian improvements of this animal. 
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FIGURE 5
Chronological changes in size of Bos (aurochs and cattle) in Portugal (and SW Spain) above and Denmark below. These are stacked 
histograms of measurements of the greatest lateral lengths (GLl) of astragali. “N” refers to sample size.
Below are Danish early Holocene Bos (from table 19; Degerbøl & Fredskild, 1970). Note: 
a) A slight decrease in size of the early Holocene aurochsen – compare the Boreal+Maglemose and the Subboreal+Ertebølle and 
b) A second and more significant decrease in size associated with domestication. However, as with the third molar teeth (Figure 2), 
in the absence of late Pleistocene specimens, any presumed Pleistocene - Early Holocene size reduction cannot be registered.
Above are specimens from sites in southern Portugal and neighbouring SW Spain (Extremadura). Tiina Manne allowed SJMD to mea-
sure the aurochsen astragali from Vale Boi. Measurements from Barca do Xerez, Bocas Rio Maior, Los Castillejos, Peña Cabarga, and 
Zambujal are in Valente (2013), Valente (2008), Castaños (1994); Castaños et al. (2012), and Driesch & Boessneck (1976) respectively. 
The two astragali from Belas (unpublished; Late Neolithic) measure 58,0 and 58,7 mm. The small size of the six Lameiras specimens, 
five Neolithic and one Chalcolithic, indicates these belonged to domesticated cattle.
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FIGURE 6
Chronological changes in size of Bos (aurochsen and cattle) in Portugal (and SW Spain). Stacked histograms of measurements of the 
distal width (Bd) of astragali. These show similar size trends as those shown by astragalus GLl in Figure 5 whose legend provides further 
details. 
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(above) and those of aurochsen and domestic cat-
tle from Holocene Denmark (below - from figure 
17 in Degerbøl & Fredskild, 1970). Some of these 
Danish specimens were from skulls and could 
therefore be sexed by Degerbøl and indeed show 
little sexual size dimorphism. This means that it is 
probably safe to ignore sex as a complicating fac-
tor when comparing M3s from different periods. In the Portuguese sample there is one very large 
specimen from the Mousterian (late Pleistocene) 
of Lameiras, a smaller one at Mesolithic Muge 
(early Holocene) and six considerably smaller 
ones in Neolithic Lameiras and Belas (the latter 
a Late Neolithic site in the Lisbon peninsula) and 
Chalcolithic Lameiras. As for the astragali (with 
many more specimens to illustrate what was hap-
pening; see below) it is already possible in this 
admittedly very small sample of teeth to discern 
at least three size groups – very large late Pleis-
tocene wild Bos, smaller Holocene wild Bos (the 
Mesolithic specimen) and smaller still presumably 
domestic Bos in the Neolithic and Chalcolithic. 
Geographical comparisons are also interesting: 
note that the late Pleistocene (Mousterian) spec-
imen from Lameiras is similar in size to the early 
Holocene (Maglemose/Boreal) aurochsen from 
Denmark. If late Pleistocene aurochsen in northern 
Europe were larger still, then there must have been 
a geographical size cline of aurochsen from south-
ern Europe (smaller) to northern Europe (larger). 
In other words Bos showed or shows both a geo-
graphical and a chronological correlation between 
environmental temperature and body size. That 
the aurochs showed increasing size with latitude 
in Europe has recently been confirmed, admittedly 
tentatively in view of the small sizes of some of 
the samples, by Wright & Viner-Daniels (2015).
Figure 3 shows the circumferences of upper mo-
lar teeth measured at the base of the crown - note 
the upper third molar from the Mousterian of Lam-
eiras alongside those from Late Neolithic Belas and 
from Bronze Age Irthlingborough in southern En-
gland (Davis & Payne, 1993). It was these measure-
ments of tooth crown circumferences from Irthling-
borough that enabled distinction between cattle and 
aurochs upper molars. The 12 molars from Belas, 
all of small size, and shown in dark grey, are more 
likely therefore to have belonged to cattle. The sin-
gle Mousterian M3 from Lameiras (stratigraphic 
unit 149), being large, is identified as aurochs.
Figure 4 shows plots of metacarpal distal widths, 
and Figures 5 and 6 show plots of astragalus lengths 
and widths from southern Portuguese (and some 
neighbouring Spanish) Bos, from the Upper Pleis-
tocene to the present day. Figure 7 shows two of 
the Lameiras Bos metacarpals, one almost certainly 
domestic and the other, a distal fragment, probably 
an aurochs. Figure 8 shows five Bos astragali. It is 
difficult visually to ascertain their wild/domestic 
status. The specimen shown at the bottom from the 
Late Neolithic (UE 74) is rather large and could well 
have belonged to an aurochs (see also Figure 6).
The aurochs – cattle distinction is fairly clear al-
though measurements of some bones probably do 
show an overlap between wild and domestic forms. 
If we look closely at the plots for the Zambujal as-
tragali there does not appear to have been any over-
lap as Driesch & Boessneck (1976) found. And as 
they suggested, astragali with greatest lateral length 
(GLl) exceeding 75 mm belonged to aurochsen. 
Their scatter diagram (‘Diagramm 2’) of astraga-
lus measurements, shows a complete separation of 
presumed aurochs from presumed domestic cattle 
FIGURE 7
Two Bos metacarpals in anterior view from Late Neolithic 
Lameiras. The entire metacarpal on the left is small and almost 
certainly belonged to domestic cattle. The considerably larger 
specimen on the right is the largest Bos metacarpal found at Neo-
lithic Lameiras and may well have belonged to an aurochs, Bos 
primigenius. See also Figure 4. The measurements BFd are given 
in tenths of a millimetre.
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specimens with a clear gap between the two forms. 
When the plots for the Bos astragali from Lameiras 
are compared to the Pleistocene, Mesolithic, and 
Chalcolithic specimens as well as those from sub-
sequent periods, it is quite clear that all Neolithic 
Lameiras specimens (two are from the EEN and the 
others are Late Neolithic) and the single one from 
Chalcolithic Lameiras, belonged to domestic cattle 
and are too small to have been aurochsen. A careful 
perusal of Figures 5 and 6 reveals that Bos astrag-
alus measurements in Upper Pleistocene to recent 
Portugal (and neighbouring sites in Spain) appear to 
fall into five different size-groups. They are:
1) Late Pleistocene aurochsen: very large
2) Mesolithic aurochsen: considerably small-
er than late Pleistocene aurochsen 
3) Chalcolithic aurochsen: still considerably 
smaller than late Pleistocene aurochsen but 
slightly larger than Mesolithic aurochsen 
4) Neolithic to Medieval-Moslem period cat-
tle: considerably smaller than Mesolithic 
aurochsen
5) Post-Moslem period (i.e., following the 
Christian ‘reconquista’) cattle: slightly 
larger than Medieval-Moslem period cattle 
but never as large as aurochsen. 
What follows below is a discussion of these 
groups in chronological order and an attempt to 
speculate on what were the factors responsible for 
these size differences. 
Very large Pleistocene aurochsen – from Vale 
Boi (note the two metacarpals and the two astragali) 
and from several Pleistocene sites in Spain (Madrid, 
Cantabria, Cataluña and León regions – data kind-
ly sent to us by Spanish colleagues, but not shown 
here) were also large and considerably larger than 
the aurochsen from the Holocene (both Mesolith-
ic and Chalcolithic). Thus, as in the Near East and 
elsewhere (see above), aurochsen in southern Por-
tugal also underwent a size decrease at the end of 
the last Ice Age when temperatures increased. This 
Pleistocene-Holocene size reduction – contempo-
rary with temperature increase – has also been doc-
umented for the abundant collections of rabbits in 
southern Portugal (Davis & Moreno-García, 2007). 
Smaller late Mesolithic aurochsen - from the 
Muge and Sado shell middens. Note that these 
were not only very much smaller than their Pleis-
tocene ancestors but they are also slightly smaller 
FIGURE 8
Medial and plantar views of five Bos astragali. The measure-
ments in tenths of a millimetre are given as follows – GLl/Bd/Dl. 
They probably belonged to domestic cattle.
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than Chalcolithic aurochs – their wild descendants 
(see below). The three specimens from the two ear-
ly Mesolithic sites – Bocas Rio Maior and Barca 
do Xerez - are large compared to those from the 
late Mesolithic sites at Muge and in the Sado es-
tuary (their GLl measurements are in Figure 5). 
Admittedly these are too few specimens to make 
any definitive conclusions, but they do prompt the 
question - does this reflect size decrease of au-
rochsen during the Mesolithic? It is a question that 
is worth asking as Degerbøl & Fredskild´s (1970) 
measurements of aurochsen from Boreal/Magle-
mose versus aurochsen from sub boreal/Ertebølle 
(i.e., early versus late Mesolithic) show a small 
decrease in size (see Figure 2 for M3 lengths and Figure 5 for astragalus GLl). In a recent survey of 
ungulates from Mesolithic sites in South Scandi-
navia, Magnell (in press) suggests that aurochsen 
on Zealand were depleted by the end of the Magle-
mose. He notes the higher frequencies of both roe 
deer and wild boar on Late Mesolithic sites in 
coastal regions which he links with these animals’ 
higher rates of reproduction making them less sen-
sitive to high hunting pressure. Put another way, it 
would seem possible that over a period of sever-
al (perhaps four or five) millennia the aurochsen 
both in Denmark and here in the south-western part 
of the Iberian Peninsula underwent a gradual size 
decrease due to overhunting and subsequently (in 
Portugal at least) recovered some of their former 
size as we shall now discuss.
Slightly larger aurochsen that survived after 
the Mesolithic but probably became extinct in the 
Chalcolithic or soon thereafter. These Chalcolith-
ic aurochsen as represented by the small separat-
ed peak of 11 specimens on the right at Zambujal, 
the six specimens from Los Castillejos (Fuente de 
Cantos, Extremadura, Spain; Castaños, 1994), the 
two specimens from São Pedro Redondo, and one 
or both of the larger specimens from Vila Nova 
São Pedro (measurements supplied by Elizabeth 
Wright), are slightly larger on average than their 
Mesolithic ancestors. Note the approximate in-
crease in the mean value of astragalus GLl from c. 
79 mm in the Mesolithic to c. 83 mm in the Chal-
colithic – the latter value being the average GLl of 
the 11 presumed aurochsen at Zambujal. 
This small but statistically significant size in-
crease of the aurochs after the Mesolithic is dis-
cussed in Davis & Mataloto (2012) and Davis & 
Detry (2013) who suggest it was due to a relaxation 
of the intense hunting pressure that occurred in the 
Mesolithic. Thus the excessive small size in the 
Mesolithic (as is the case also for wild boar and 
red deer) may reflect overhunting at that time – a 
probable period of crisis both here in southern Por-
tugal and perhaps right across southern Europe and 
the Near East.
As for the larger Bos bones from Lameiras, the 
larger of the two distal metacarpals shown in Fig-
ure 7 with a distal width of 72,4 mm could have 
belonged to an aurochs. 
Domestic Bos. In Figure 5 the metrical distinc-
tion between the larger aurochsen and smaller do-
mesticated cattle is clearly visible at Chalcolithic 
Zambujal with its two separate peaks separated by 
the gap between 73 and 78 mm in Driesch & Boess-
neck’s (1976) ‘Diagramm 2’. Domestic cattle first 
appear in the Neolithic (even in the Early Neolithic, 
see below in the general discussion) at Lameiras. 
Note the five astragali from Evolved Early Neolith-
ic and Late Neolithic Lameiras, and several from 
Los Barruecos, Belas and Perdigões in Figures 2, 4, 
5 and 6. Domesticated cattle are also well represent-
ed by a single astragalus at Chalcolithic Los Cas-
tillejos (in Figures 5 and 6), and several specimens 
from other Chalcolithic sites (Paraiso, Porto Torrão, 
Vila Nova São Pedro and a single one from Castro 
da Columbeira) and numerous ones in the Iron Age, 
Roman and Medieval-Moslem periods. 
The post-Medieval cattle that were larger – at 
15th century Beja and 17th century Carnide, Lisbon 
and small samples from other post-Moslem sites. 
These are presumed to be cattle that had been im-
proved by the Christians after the reconquista (Da-
vis, 2008).
Thus the three lower third molars, at least two 
or three of the distal metacarpals, four or even all 
six astragali (some poorly preserved and therefore 
lacking some measurements) and several metatar-
sal condyles of Bos from Neolithic Lameiras with 
their small size represent early evidence for the 
presence of domestic cattle in Portugal. 
Ovis/Capra – sheep/goat
A considerable proportion of the medium/large 
mammal remains found at Lameiras belonged to 
caprines - sheep and goat. These two related genera 
of bovids are both classified within the sub-fami-
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ly Caprinae and tribe caprini. Despite a probable 
7 million year separation of the lineages that gave 
rise to sheep and goat (i.e., in the late Miocene; 
Randi et al., 1991; Bibi, 2013), many of their bones 
are difficult to identify to species.
The sheep is considered to have been domesti-
cated in the Near East from the Asiatic mouflon, 
Ovis orientalis, of Turkey and western Iran. It is 
this species of wild sheep that has the same karyo-
type or number of chromosomes, 54, as our domes-
tic sheep (Zeuner, 1963; Nadler et al., 1973). Mito-
chondrial DNA analyses corroborate the karyotype 
studies (Hiendleder et al., 2002). Sheep were ab-
sent from Europe before their sudden arrival in the 
Neolithic – an event presumably brought about by 
man and which marks their domesticated status. 
The presence of Ovis bones on an archaeological 
site in Western Europe therefore serves as a sure 
indicator of its domesticated status and sheep re-
mains are, along with the other main domestic food 
animals like goat, pig and cattle, as well as cereals, 
part of the ‘Neolithic package’ used by archaeolo-
gists to recognize a food producing economy. Wild 
goats, the so-called ‘Spanish ibex’ or Capra pyre-
naica, were once quite common in Iberia, although 
today they are restricted to mountainous regions of 
the Peninsula. Since bones of Capra and Ovis are 
not easy to distinguish and most caprine bones can 
only be determined as “sheep/goat”, it is necessary 
here to consider carefully the various characters, 
both morphological and osteometrical, which can 
help to determine with certainty the caprine bones 
from Lameiras as definite sheep or definite goat. 
Zeder & Lapham (2010) showed experimental-
ly just how difficult it is to make this distinction. 
Small morphological differences on the distal hu-
merus, distal metacarpal, calcaneum, astragalus, 
distal metatarsal and terminal phalanx described by 
Boessneck et al. (1964) and Boessneck (1969) are 
often quite useful when identifying archaeological 
caprine bones and are referred to here. Use of these 
criteria enabled Rowley-Conwy (1992) to identi-
fy six of the 20 caprine fragments from Neolithic 
Caldeirão as sheep while none could be assigned 
to goat. The mandibular milk teeth, dP3 and dP4, can also be separated (Payne, 1985), and measure-
FIGURE 9
Milk teeth of one lamb (OVA) and two kids (CAH) shown in buccal view on the left and lingual view on the right. Note the marked 
presence of one or more ‘bovine pillars’ at the base of the dP4 crown of the two specimens identified as Capra. Bovine pillars are absent from the dP4 identified as Ovis (see Payne, 1985).
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ments can help in the case of the distal metacar-
pal (Payne, 1969) and the astragalus (Davis, 2016, 
2017). What follows are more detailed descriptions 
of certain parts of these bones that confirm their 
identification as either sheep or goat. Then some 
consideration will be given to the two metrical 
methods used to separate sheep from goat meta-
carpals and astragali. The final part of this section 
places the Lameiras sheep and goats within a lon-
ger chronological sequence.
MORPHOLOGICAL METHODS TO 
DISTINGUISH SHEEP BONES FROM GOAT 
BONES (SEE FIGURES 9 TO 13 WHICH 
SHOW VARIOUS CAPRINE BONES FROM 
LAMEIRAS).
Last deciduous molar tooth or dP4. One character that separates goat dP4 from sheep dP4 is the pres-ence or absence of the so-called bovine pillar(s) on 
the buccal side and at the base of the crown (Payne, 
1985). Three well preserved dP4s are shown in Fig-
ure 9. Note the prominent bovine pillar on two of 
the specimens (UE-53; and 73) – which are there-
fore identified as goat. Note also the absence of any 
pillar on the third specimen (UE – 41) which pre-
sumably therefore belonged to a sheep. 
Distal humerus. In sheep, the distal part of the 
medial epicondyle – labelled ‘a’ in Figure 10 - ends 
more or less as a right angle whereas this tends 
to be oblique in the goat. Note in this figure that 
the two distal humeri identified as probable goat 
have oblique medial epicondyles while the four 
shown below have right angled epicondyles and 
are therefore identified as sheep. Another charac-
ter that tends to distinguish the trochleae of sheep 
from goat is the relatively small minimum diam-
eter (measurement HTC) in the goat. Of the two 
probable goat humeri in Figure 10 both have rath-
er reduced HTCs, i.e., constricted trochleae. This 
is especially visible in the second one from UE 4. 
Compare it for example to the one below (UE 27) 
identified as sheep. 
Distal metacarpal. Figure 11 shows a young 
goat and two adult sheep distal metacarpals. In 
this bone the two peripheral parts of the trochlear 
condyles – labelled with arrows in the figure - are 
considerably more compressed compared to the 
central condyles in the goat than in the sheep. It is 
FIGURE 10
Distal fragments of six caprine humeri from Lameiras shown 
in anterior and medial view. Two are identified via Boessneck’s 
(1969) criteria as goats (CAH) and four as sheep (OVA). Note 
the epitrochlea, labelled ‘a’, which tends to form a right angle in 
the sheep but is oblique in the goat. Identification is followed by 
the stratigraphic unit number in italics; date (EN – Early Neo-
lithic, LN – Late Neolithic and CF - Late Chalcolithic); and mea-
surements, in tenths of a millimetre, given as BT/HTC. The four 
sheep humeri from UE 27, 53, 71 and 53 have been radiocarbon 
dated (see text) and the results are also indicated here. 
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FIGURE 11
Distal metacarpals of a young goat (CAH) and two adult sheep (OVA) from Lameiras shown from all six sides – lateral, plantar, anterior, 
superior, medial and posterior. Note the considerably more constricted trochleae of the goat metacarpal compared to the two of sheep – the 
basis of Payne’s (1969) metrical method for distinguishing metacarpals of these two taxa. Identification of each metacarpal is followed by 
the stratigraphic unit number in italics; date (EN – Early Neolithic, EEN – Evolved Early Neolithic); and BFd in tenths of a millimetre. 
The sheep metacarpal from UE 53 has been radiocarbon dated to 5491-5328 cal BC (1σ, OxA-29110). 
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FIGURE 12
Sheep and goat astragali from Lameiras shown in medial and plantar views. Most are identified via Boessneck’s (1969) criteria as sheep. 
Note these have a pronounced and wide projecting lobe on the plantar edge of the medial face (Boessneck’s ‘a’) and a relatively reduced 
‘spine’ in the centre on the dorsal side (Boessneck’s ‘c’). Astragali are identified as definite sheep OVA; probable sheep OVA? and a 
single goat CAH (several other astragali identified as goat are damaged). The stratigraphic unit number is given in italics and date as EN 
Early Neolithic; EEN Evolved Early Neolithic; and LN Late Neolithic. The measurements in tenths of a millimetre of each astragalus 
are given as GLl/Bd/Dl. 
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this difference that forms the basis of the metrical 
separation between sheep and goat metacarpals de-
scribed by Payne (1969). 
Astragalus. Figure 12 shows 17 of the bet-
ter preserved caprine astragali from Lameiras. 
Each one is shown in medial and plantar views. 
Boessneck et al. (1964) and Boessneck (1969) 
described several characters on the astragali that 
help to distinguish between sheep and goat. These 
are labelled ‘a’ – ‘d’ on the top left specimen in 
this figure and as in Boessneck (1969: figure 64 
and 65). Perhaps the most distinguishing feature 
is the projecting lobe ‘a’. This is the projection at 
the proximo-plantar angle of the medial articular 
ridge of the trochlea. It is more strongly developed 
in the sheep where it is rather wide and blunt, but 
in goat it tends to be more pointed. And the adja-
cent indentation ‘b’ is generally less pronounced 
in sheep. The dorsally projecting “cusp” ‘c’ on the 
medio-dorsal ridge tends to be more pronounced 
in goat than in sheep. Another character, perhaps 
more variable and therefore less trustworthy, is 
the crest on the medial side of the plantar surface 
which generally, though not always, remains par-
allel to the lateral side in goat and curves ‘inwards’ 
- i.e., towards the lateral side (or centre) of the as-
tragalus in sheep.
Terminal phalanx. Figure 13 shows six caprine 
and two cervid terminal phalanges. The latter are, 
characteristically for the cervids, lacking an exten-
sor process labelled ‘ep’ on the sheep phalanx from 
UE 91. Caprine terminal phalanges, unless very 
well preserved, can be difficult to identify to spe-
cies. In lateral view the goat terminal phalanx tends 
to be rectangular in outline while that of the sheep 
more closely resembles a tri-angle. Moreover the 
distal part of the phalanx can be very thin and wa-
fer-like in the goat but is thicker in the sheep. Of 
the six better preserved caprine specimens from 
Lameiras shown here, one is definitely goat, one is 
probably goat, one is definitely sheep, and two are 
almost certainly sheep and the other is of uncertain 
identity but perhaps more likely to have belonged 
to a sheep.
FIGURE 13
Eight terminal phalanges of sheep, goat and roe deer from Lameiras in external view. All come from the Early Neolithic (EN). The mea-
surements Ld (length of the dorsal surface) and DLS (greatest, diagonal, length of the plantar surface) are given in tenths of a millimetre. 
The majority of the caprine terminal phalanges are identified as sheep or probable sheep and there is one definite and one probable goat. 
Note the two on the right which, like all cervids, lack an extensor process and are identified as roe deer. 
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METRICAL METHODS TO DISTINGUISH 
SHEEP BONES FROM GOAT BONES
Measurements taken on two bones, the distal 
metacarpal and the astragalus can be used to sepa-
rate sheep from goat [Payne (1969) for the metacar-
pal; Davis (2016, 2017) for the astragalus]. These 
metrical methods should not be used alone to make 
the distinctions but rather used as an aid to corrob-
orate those made on the basis of morphology. At 
Lameiras, we see an interesting difference in the 
sheep: goat ratio between the distal metacarpal and 
the astragalus. Thus Figure 14 [which shows the 
method described by Payne (1969)] for the meta-
carpal condyles indicates an approximately equal 
proportion of sheep and goat. Another metrical 
method has recently been described by one of us 
(Davis, 2016, 2017). This utilises the small shape 
difference between sheep and goat astragali. In-
stead of plotting simple measurements on a scatter 
diagram, two indexes are plotted, one is the later-
al depth (Dl) divided by the greatest lateral length 
(GLl) and the other index is the distal width (Bd) 
divided by the lateral depth (see Figure 15). With 
the first index plotted on the vertical axis and the 
second on the horizontal axis, modern sheep tend 
to plot out in the top left hand side while goats are 
below and/or to the right. The distribution of the 
scatters is more distinct in Cyprus and less so else-
where and so does not provide a certain method. 
This figure indicates many more sheep than goat 
at Lameiras.
In sum. Let us consider the sheep and goat teeth 
and bones separately (see Tables 1 to 7). While the 
overall picture at Lameiras appears to indicate more 
sheep than goats, when one examines the counts 
for individual parts of the skeleton the sheep: goat 
ratio varies between 15% goats (metatarsals), to 
40% goats (metacarpals). The large variation in 
the sheep: goat ratio is partly due to the smallness 
of the samples as well as perhaps SJMD’s vary-
ing ability to distinguish between sheep and goat 
bones! 
Ovis – sheep
Having determined the presence of both Ovis 
and Capra at Lameiras, we need to ask what their 
wild/domestic status was and to what extent they 
are similar or different from their relatives in ear-
lier or later times. In the case of the Ovis, there can 
be no doubt that the sudden arrival of this exotic 
animal in Portugal must signify its domestic sta-
tus. It can only have been brought here by people. 
The sheep from Lameiras are therefore among the 
oldest examples that we have from Portugal. How 
do they compare with sheep from later periods? 
Figure 16 shows stacked histograms of the lengths 
and widths of sheep astragali from different sites in 
southern Portugal [adapted and updated from fig-
ures 8 and 9 in Davis (2008)]. Although the sam-
ple-sizes are small, there is some indication that 
these early sheep were slightly larger than their 
descendants in Chalcolithic and Iron Age Portu-
gal but little different in size from modern wild 
Ovis orientalis from the Near East (in the Field 
Museum, Chicago) – a pattern which is also clear 
in Figure 17. Were these new arrivals in Lameiras, 
being more closely related to recently domesti-
cated sheep in the Near East, still quite large like 
their wild ancestors? Plotting astragalus size, GLl, 
versus shape, Bd/Dl, as in figure 4 of Davis (2008) 
FIGURE 14
Metrical separation of sheep from goat metacarpals at Lameiras 
(following Payne, 1969). Specimens identified morphologically 
as certain goat or certain sheep are represented by large squares 
and circles respectively, while those less securely identified are 
shown as small symbols. Symbols with an asterisk represent 
condyles whose position – medial or lateral – was uncertain due 
to their being isolated from their respective adjacent condyle. 
Black symbols represent adult (epiphysis fused) specimens and 
white symbols represent juvenile (epiphysis unfused) ones.
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FIGURE 15
Metrical separation of sheep from goat astragali at Lameiras (following Davis, 2016, 2017) using the three measurements commonly 
taken on artiodactyl astragali. A plot of Dl/GLl versus Bd/Dl for the 32 caprine astragali identified via the morphological criteria described 
in Boessneck (1969). Specimens identified morphologically as goat or sheep are represented by black squares and circles respectively, 
while those less securely identified are shown as white symbols. Seven could not be identified to species and are shown as small black 
dots. There is, on the basis of modern specimens from Portugal (see insert for modern Portuguese caprines of known identity) and other 
countries, a guesstimated 10 - 15% overlap which means that an individual specimen cannot be identified with certainty. On the basis of 
this metrical method sheep appear to far outnumber goats.
FIGURE 16
Neolithic to present day changes in the size of Portuguese sheep. These are stacked histograms of measurements of the humerus minimum 
trochlea diameter (HTC), astragalus greatest lateral lengths (GLl) and astragalus distal widths (Bd). The Lameiras Neolithic sheep are 
slightly larger than those from the Chalcolithic, Iron Age and Roman periods. This is difficult to explain but could reflect a post-Neolithic 
decline of agricultural practises in Portugal. It is not until the Moslem period that we see an increase in size - presumably reflecting 
improvement. This figure is adapted from figures 6, 8 and 9 in Davis (2008). For the astragalus measurements, below are 17 modern 
wild sheep from Iran – the area where this animal was first domesticated (specimens in the Field Museum of Natural History, Chicago, 
measured by Rebecca Banasiak). Note that they are on average similar in size to the Neolithic sheep from Lameiras. 
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and shown here as Figure 17, we can see that the 
sheep astragali from Lameiras overlap, in terms 
of shape and size, with those from the Chalcolith-
ic - somewhat slender and probably long-limbed. 
These are inferences we can perhaps make on the 
basis of the correlations of the different astragalus 
measurements and general skeleton conformation 
(Davis, 1996). This graph suggests that in terms 
of their shape the Neolithic and Chalcolithic Por-
tuguese sheep as well as the modern wild sheep 
were/are relatively slender-limbed. Iron Age to 
modern Portuguese sheep were/are more robust 
with shorter limbs. In terms of size it is proba-
ble that sheep in Portugal became considerably 
smaller by Iron Age times and then increased in 
size, especially in the Medieval-Moslem period. 
Much caution is needed in making these interpre-
tations from Figure 17, in part because many of 
these samples are small and as the modern Shet-
land sheep of known sex indicate, differences in 
the sex ratios of these samples could ‘cause’ a dif-
ference in the shape of the astragalus [although 
Popkin et al. (2012) did not find much variation 
with sex of the index Bd/Dl in their much larger 
sample of Shetland sheep]. Size and shape varia-
tion of sheep bones through time may prove to be 
a worthwhile avenue for further study.
Capra – goat
As already mentioned, a wild Capra (the Span-
ish Ibex) existed and still exists in the Iberian 
Peninsula. According to personal observations 
(SJMD) it is not possible morphologically to dis-
tinguish bones of this wild animal from those of 
the domestic goat, although horn cores may be 
an exception. Can size help? Figure 18 shows 
stacked histograms of the distal widths (Bd) of 
Capra astragali from different periods in Portugal 
alongside, for comparative purposes, modern wild 
goats from the Near East (the probable origin of 
our domestic goat), wild Capra pyrenaica from 
Jaén province, Andalucía, in Spain and a collec-
tion of feral domestic goats from the island of 
Mallorca. Variations of these different populations 
of goat may be explained in terms of a) climate, b) 
wild-domesticated status and perhaps also c) the 
effect of human improvement of domestic goats. 
First, note the very large size of the late Pleisto-
cene Capra, presumed wild goats, from Caldeirão 
cave (Mousterian, Solutrean and EUP); Lapa dos 
Coelhos (Solutrean and Magdalenian) and Mous-
terian Oliveira cave (currently being studied by 
Mariana Nabais). These are quite clearly set apart 
from all the other samples of Capra and are even 
larger than the modern wild ibex (Capra pyrena-
ica hispanica) from Jaén, shown at the top. It is 
interesting too; that modern wild goats, Capra 
aegagrus, from the Near East are intermediate in 
size between the Pleistocene form and Neolithic 
to Roman goats. Note that the Neolithic – Roman 
goats were all somewhat smaller than those from 
the Medieval-Moslem – modern domestic goats. 
This Roman to Medieval-Moslem size increase of 
Portuguese Capra probably reflects an improve-
ment of goats by the Moslems as was suggested 
for the sheep (Davis, 2008).
Like several mammalian taxa in the Near East 
(Davis, 1981), Portuguese Capra underwent a 
reduction in size on two occasions. The first hap-
pened at the end of the Pleistocene when tempera-
tures rose and the second happened in association 
with the domestication of this animal. Then, per-
FIGURE 17
Variation in size and shape of archaeological sheep from Por-
tugal alongside various modern sheep - wild from Iran, unim-
proved Shetland (Davis, 2000), Churra da Terra Quente and Me-
rinos (based upon figure 4 in Davis, 2008). Summary diagrams 
of astragalus GLl (size) versus astragalus Bd/Dl (shape), the 
graphics show mean values ± their 95% confidence limits. The 
Lameiras specimens are most similar to the Chalcolithic sheep 
as well as modern wild sheep from Iran (in the Field Museum, 
Chicago). Given the way astragalus measurements are correlated 
with body proportions (Davis, 1996); astragali plotting to the left 
probably belonged to slender long-limbed animals, while those 
to the right are probably from robust, short-limbed animals. Note 
the increase in robustness from wild, Neolithic and Chalcolithic 
to modern domestic and the increased size of the Moslem pe-
riod Portuguese sheep compared to their Neolithic – Roman 
ancestors. Note also the small, but statistically significant size 
difference between Iron Age and Roman times. Did the Romans 
improve sheep in Portugal if in only a small way?
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FIGURE 18
Stacked histograms of distal widths of Capra (goat) astragali showing variation of size from late Pleistocene to modern times. This figure 
shows probable environmental and cultural influences. The top two histograms are 1) modern feral goats from Mallorca collected by Alex 
Valenzuela, sexed via the shape of their pubes and aged via their tooth eruption and wear (as in Payne, 1973) and 2) modern Spanish Ibex 
from Jaén province in the Natural History Museum of Madrid, of known sex; nine adults and two sub-adults. At the bottom are modern 
wild goats from Iran and Iraq – the region where goats were probably first domesticated (these are in the Field Museum of Natural His-
tory, Chicago and were measured by Rebecca Banasiak). Note that 5 of the 6 Capra astragali from Lameiras are damaged – their identity 
could not be metrically corroborated - they are probably but not certainly goat. This chronological sequence with the modern specimens 
indicates five size-groups:
• Late Pleistocene wild Capra from Oliveira cave (studied by Nabais), Caldeirão cave (Davis, 2002) and Lapa dos Coelhos near Torres 
Novas (Davis, unpublished) - the largest; presumably adapted to the colder conditions as predicted by Bergmann’s (1847) rule. 
• Modern wild Capra from southern Spain - smaller than the Pleistocene Capra from the three Portuguese sites. Note that they 
are, on average, slightly larger than Portuguese Neolithic – Roman domestic goats. 
• Neolithic (Lameiras), Chalcolithic, Iron Age and Roman Capra - all smaller than wild Capra.
• Moslem period to 19th century Capra - slightly larger than the Neolithic-Roman ones and presumably, like the sheep, improved. 
Note too that the modern domesticated goats (these include five Serpentinas) are on average somewhat larger still, presumably 
reflecting recent improvements.
• The modern wild goats from Iran and Iraq as well as the feral goats from Mallorca are probably, on average, very slightly larger 
than the Neolithic – post-15th century goats from Portugal.
The Lameiras Capra astragali are smaller than wild and feral goats and similar in size to Chalcolithic to Roman goats. They most prob-
ably belonged to domesticated animals.
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haps when the Moslems ruled southern Portu-
gal, goats underwent a small size increase. This 
means that Capra bones can be assigned to one 
of four different size groups in the course of time 
(i.e., modern wild, late Pleistocene (presumed 
wild), Neolithic-Roman domestic and Moslem 
to modern times domestic). Maria Saña [personal 
communication and Saña (2013: figure 10.13)] is 
finding some of these same size changes in Capra 
in Catalonia where the Palaeolithic C. pyrenaica 
were larger than their descendants in the Holo-
cene, while Capra bones from the Early Neolithic 
at La Draga, near lake Banyoles, are very consid-
erably smaller.
It is clear from these stacked histograms that the 
Lameiras Capra astragali are very similar in size to 
those from Chalcolithic, Iron Age and Roman sites. 
They are smaller than those of modern ibex. In the 
light of the size differences between, on the one 
hand, the modern ibex and late Pleistocene Capra 
and, on the other hand, the Capra from Chalcolith-
ic, Iron Age and Roman periods, it is concluded 
that the Lameiras Capra were domestic.
Equus - horse etc.
Equids, especially the horse, as well as red deer 
and some ibex, aurochsen and wild boar were prob-
ably the main sources of meat for people in late 
Pleistocene Portugal. This seems to have been the 
case at Mousterian Lameiras. However, by the time 
of the Neolithic as indicated by the species counts 
at Lameiras, equids, like red deer, had become very 
scarce. But which species of equids can we identi-
fy? The dental enamel patterns on the occlusal sur-
face of the lower cheek teeth, all from the Mousteri-
an, clearly indicate the presence of the horse – with 
its characteristic ‘U’ shaped lingual fold and partial 
penetration between the flexids of the buccal fold in 
the molars (Figure 19). Figure 20 shows, in anterior 
view, two equid metapodials from the Chalcolithic 
at Lameiras. They are so different in size that they 
cannot have belonged to the same species. The larg-
er is most likely a horse – an identification now sup-
ported by its DNA (Bennet & Geigl, pers. comm.) 
- while the smaller is similar in size to the so-called 
FIGURE 19
One upper and nine lower equid cheek teeth from Mousterian Lameiras in occlusal view showing their enamel folds in black. The lower 
fourth premolar (UE 149) and lower first molar (UE 143) adjoin. All other teeth are isolated. The single, and rather abraded, upper tooth, 
probably a premolar, has an elongated protocone – characteristic of the horse. In the lower teeth note the ‘U’ shaped internal fold – another 
horse feature. The tendency for the external fold to partly penetrate between the flexids in the molars but not the premolars is another 
horse character and is observed here in most but not all the molars. The two that do not show this (UE 130 and UE 5-143) are from young 
adults. Generally this penetration only becomes clear further down the crown, i.e., in older animals. Indeed the third molar from UE 130 
viewed from below shows clear partial penetration of the external fold. The scale is 1 cm. 
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Otranto ass – Equus hydruntinus - first described by 
Regalia (1907) [see also Stehlin & Graziosi (1935)] 
from a cave in Apulia, Italy and sadly now extinct. 
E. hydruntinus has dental characters that are very 
similar to those of the African zebras (Eisenmann, 
1981) but the genetic evidence indicates that it may 
have been a European sub-species of the Asiatic 
half ass (Orlando et al., 2006). Unfortunately there 
are no equid teeth in any of the levels at Lamei-
ras that in any way resemble those of E. hydrunti-
nus. Indeed the only possible candidate bone for 
this species of small equid is the small metapodial 
shown in Figure 20.
Cervus – red deer
This animal, along with the horse, was proba-
bly the mainstay of peoples’ diet in late Pleistocene 
Portugal. However, very few remains at Lameiras 
belonged to red deer. They include a single tooth 
and a distal humerus from the Mousterian and a 
distal tibia from the Late Neolithic. With so few red 
deer bones found at Lameiras it is not possible to 
study how their size compares with the red deer of 
earlier and later periods.
FIGURE 20
Two equid metapodials, one complete and one a distal fragment, from the late Chalcolithic of Lameiras shown from all four sides – poste-
rior, medial, anterior, lateral – as well as superior and plantar views. The complete metatarsal (from UE 4) is identified both morphologi-
cally and via its ancient DNA (Eva-Maria Geigl, pers. com.) as horse, Equus caballus. The small distal metapodial fragment (from UE 3) 
may have belonged to the small, now extinct, equid, E. hydruntinus. The measurements in tenths of a millimetre of each metapodial are 
given as follows – GLl (greatest length)/BFd (width across the distal articulation).
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Capreolus capreolus – roe deer
The Lameiras fauna includes several bones of this 
small species of cervid. For example the base of an 
antler from the Early Neolithic (shown in Figure 21) 
clearly belonged to a roe deer, as did two terminal 
phalanges (shown on the right-hand side of Figure 
13), both lacking an extensor process, and also dated 
to the Early Neolithic. A roe deer distal humerus was 
also identified in the Late Neolithic. The roe deer 
is a woodland animal so its presence indicates the 
probable existence of woodland in the neighbour-
hood of Lameiras in Neolithic times, although given 
the finds of domesticated cereals (López-Dóriga & 
Simões, 2015) some of the surrounding countryside 
must have included arable land too.
Sus – wild boar/pig
The wild boar - ancestor of the pig - was prob-
ably first domesticated in the Near East, although 
genetic evidence indicates a strong possibility that 
there were other independent centres of pig do-
mestication (Larson et al., 2005; Albarella et al., 
2006). Wild boar bones and teeth are usually larg-
er than those of pig but for many measurements 
there is considerable overlap which makes it dif-
ficult and sometimes impossible, to identify a Sus 
bone as belonging to the wild or domestic form of 
Sus (Payne & Bull, 1988). The wild-domestic dis-
tinction is even more difficult to make here in the 
Iberian Peninsula where the wild boars are rather 
small. In our study (Albarella et al., 2005) of Ho-
locene Sus from Portugal, we found that at many 
sites, especially Chalcolithic Zambujal, most Sus 
bones and teeth formed a cluster while there were 
a few larger specimens. Like Driesch & Boess-
neck (1976) in their original study of the Zambujal 
bones, we also interpreted the small ones as hav-
ing belonged to domesticated Sus (i.e., pig) and 
the few large specimens as wild boar. By applying 
this reasoning and assuming our interpretation was 
correct we can see that the plots for Sus bones from 
the Neolithic of Lameiras (Figures 22 and 23) are 
all similar to the smaller cluster at Zambujal. This 
is especially the case for the distal tibia widths. 
But note that for the measurement humerus HTC 
it is not possible to rule out the possibility that one 
or two of the larger specimens belonged to wild 
FIGURE 21
Five views of an Early Neolithic roe deer (Capreolus) antler fragment joined to the pedicle and part of the skull from UE 53. Since it was 
still joined to the skull it must have been killed between April and October. 
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boar. We conclude that the majority, possibly all, 
the Sus bones, both in the Early and Late Neolith-
ic, belonged to pig. Another point worth noting in 
this figure is the apparent size increase of the pre-
sumed wild boar after the Mesolithic in a manner 
reminiscent of what happened to the aurochsen in 
southern Portugal (see above). In other words the 
Mesolithic wild boar was exceptionally small and 
recovered some of its former size after the Meso-
lithic. The exceptionally small size in the Meso-
lithic may reflect overhunting at that time when 
there was what we called a ‘crisis’ due to overpop-
ulation and hence over-hunting of the larger terres-
trial mammals (Davis & Detry, 2013). Figure 24 
shows the greatest lateral lengths of the Lameiras 
Sus astragali alongside wild boar from Mesolithic 
to 17th century sites in southern Portugal. Most of 
the Lameiras Sus appear to have belonged to pig 
while some may be wild boar. If so, note again 
that the small peak of specimens representing wild 
boar at Zambujal are larger than the Mesolithic 
ones and the larger specimens from Lameiras – if 
these were really wild boar. 
FIGURE 22
Mesolithic to Moslem period changes in the size of Portuguese Sus (wild boar and pig). Stacked histograms of the humerus minimum 
trochlea diameter (HTC) and tibia distal width (Bd) to show a) the metrical distinction between wild boar and pig and b) possible 
chronological size changes. While the wild boar and pig bones do not separate completely, wild boar tends to be somewhat larger – note 
especially the wild boar from Mesolithic Muge (Detry, 2007; see also Albarella et al., 2005). These plots show a few specimens at Zam-
bujal that probably belonged to wild boar – humeri with HTC > c. 22 mm and tibiae with Bd > c. 35 mm. It is unknown to what extent 
measurements of wild boar and pig overlap. The Neolithic Lameiras Sus are small and therefore presumably pig. The apparent greater 
proportion of wild boar in the Moslem period at Alcáçova de Santarém may reflect the more relaxed attitude of Maghrebi Islam towards 
consumption of wild boar compared to pig which is strictly harram (see Albarella et al., 2005). It is also worth noting that the wild boar 
bones of Muge are smaller than the presumed wild boar at Zambujal and the few various larger specimens from later sites. This indicates 
that, like aurochs and possibly red deer, this animal had become unusually small in the Mesolithic, perhaps due to overhunting (see Davis 
& Detry, 2013). 
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Canis – wolf/dog
Generally dog teeth and bones are smaller than 
those of their ancestor the wolf, Canis lupus, al-
though, as with aurochs and cattle, there is some 
overlap. Figure 25 shows the variation of size of 
the lower carnassial tooth, M1, of modern wolves 
and dogs from Portugal and specimens of Canis M1 
from various archaeological sites including Lam-
eiras. The two specimens from Mesolithic Muge 
(Detry & Cardoso, 2010) and a recently discovered 
Canis burial from Mesolithic Poças de São Bento 
in the Sado estuary are all small and more likely to 
have belonged to dogs than wolves. The two Neo-
lithic carnassials from Lameiras (UE 68, Late Neo-
lithic and also shown in the inserted image; whose 
crown length is 20,7 and width 7,7 mm) and Belas 
(crown length 20,0 and width 7,7 mm) are of simi-
lar small size, and most probably also belonged to 
dogs rather than to wolves. 
Felis silvestris – cat
Nine bones and a tooth fragment of small cat 
were identified - all in the Early Neolithic. One, 
a radius, has small cut marks across its distal end. 
These were probably inflicted while processing the 
carcass for consumption and/or its skin.
Lagomorphs – rabbit and hare
Both rabbit and hare are represented at Lameiras 
with rabbit bones far outnumbering those of hare. 
Bones of these two taxa are morphologically rath-
er similar but are usually fairly easily distinguished 
on the basis of their differing size – hares being dis-
tinctly larger [see figures 10 and 11 in Davis et al. 
(2008)]. Thus note (Appendix A) the two Neolithic 
hare humeri whose widths (Bd) are 10,6 and 11,0 
mm and minimum diameter of the trochlea (HTC) 
are 5,7 in both specimens. These measurements for 
the Neolithic rabbits range between 7,7 - 8,9 and 3,4 
- 4,2 mm respectively. In the Mousterian note a tibia 
with Bd 12,1 mm, and a humerus with HTC 4,5 mm. 
These are large which is not surprising given the 
larger size of late Pleistocene rabbits as noted at Cal-
deirão cave (Davis & Moreno-García, 2007: 54-59). 
Other taxa
A number of bones and teeth of small mam-
mals were found. To what extent they related to 
the human occupants is unknown and some may 
simply be intrusive. Thus the Early Neolithic lay-
ers included three mandibles of wild mouse (Apo-
demus), a mandible of the water vole (Arvicola 
sapidus), two fragments of hedgehog (Erinaceus) 
FIGURE 23
Sus humerus trochlea width (BT) versus minimum diameter 
(HTC) - Lameiras compared to Mesolithic sites (data from Cleia 
Detry) and Zambujal (Chalcolithic). Note the overall larger size 
of the Mesolithic specimens and the few even larger ones from 
Zambujal that plot in the top right (see also Figure 22 and Al-
barella et al., 2005). The relatively small size of the Mesolithic 
wild boar compared to the supposed wild boar at Chalcolithic 
Zambujal is again visible here as in Figure 22. At Zambujal 
most Sus humeri are smaller and are assumed to have belonged 
to pigs. All the Neolithic specimens from Lameiras (EN - Early 
Neolithic and LN - Late Neolithic) are smaller and are therefore 
presumably domestic. 
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FIGURE 24
Stacked histograms of Sus astragalus greatest lateral length (GLl) - Lameiras compared to other sites in Portugal and adjacent parts of 
Spain. The Lameiras Neolithic astragali are small and hence also presumably domestic, although it is possible that some of the larger ones 
belonged to wild boar. Date for several sites kindly supplied by colleagues – whose names are inserted in parentheses.
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and nine vole (Microtus) mandibles. In the Mous-
terian there were two mandibles of voles and 29 
humeri of moles (Talpa). The mole humerus, with 
its particularly robust shape adapted for burrowing 
is unmistakeable and easily recognised. 
Birds too are represented if scarcely. For exam-
ple a proximal phalanx of the great bustard (Otis 
tarda) was identified in the EEN, a bone of a hawk 
(Accipiter) in the EN and two bones of partridge 
(Alectoris) in the Chalcolithic.
Amphibia and reptiles were also found in all the 
levels. For example the Mousterian included elev-
en amphibian bones – probably all toads (Bufo). 
This taxon was also present in the EN (n = 9) and 
LN (n = 3). Two carapace osteoderms of the pond 
turtle (Mauremys) were found in the EN, and two 
lizard (Lacerta) mandibles were found one in the 
EN and the other in the LN.
FIGURE 25
The first lower molar (carnassial tooth; M1) of a Late Neolithic Canis from UE 68 shown in the inset photograph in lingual, occlusal and 
buccal views. This tooth is plotted alongside modern Portuguese wolf carnassials, Canis (probably dog) from Mesolithic and Neolithic 
sites in Portugal, 10 Roman dogs from São Miguel Odrinhas near Sintra dated to the 4th-5th centuries AD and modern dogs. With its length 
of 20,7 mm, the Lameiras M1 almost certainly belonged to a dog rather than wolf. Individual specimens are portrayed as small squares. 
For the four samples, the graphics show the mean as a horizontal black line and its 95% confidence limits enclosed within the grey box. 
The thin vertical line shows the range with sample size given at the top. Many measurements supplied by Cleia Detry. 
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Fish (Table 8 and Appendix C)
The fish remains include 53 vertebrae, 11 crani-
al bones, eight teeth, two fin spines and one otolith. 
Another five bones are fragments that could not be 
assigned to part of body. The identified fish bones 
belonged to marine species. The presence of a few 
burn marks and perforations indicate that humans 
were the main agents responsible for their accumu-
lation.
The Early Neolithic fish assemblage
Fish remains are more frequent in the Early 
Neolithic collection and comprise 67 remains of 
which 62 were identified to family or higher tax-
onomic level. Their greater abundance in the EN 
is almost certainly due to the different recovery 
strategy used during excavation as mentioned 
above.
EN EEN LN GAP DL SUR
NISP % NMI % NISP % NMI % NISP % NMI % NISP NISP NISP
Lamnidae (Mackerel sharks)       
cf. Isurus oxyrinchus (Shortfin mako) _ _ _ _ _ _ _ _ 1 33 1 50 _ _ _
Triakidae (Hound shark family)       
cf. Mustelus mustelus (Smooth-hound) 2 3 1 9 _ _ _ _ _ _ _ _ _ _ _
cf. Triakidae (Hound sharks ) 4 6 ** ** _ _ _ _ _ _ _ _ 1 _ _
cf. Triakidae (Hound sharks)/cf. Sphyrnidae 
(Hammerhead sharks)/ cf. Carcharhinidae 
(Requiem sharks)
3 5 1 9 _ _ _ _ _ _ _ _ _ _ _
Elasmobranchii (Sharks and rays) 3 5 ** ** 1 33 1 33 _ _ _ _ _ _ _
Clupeidae (Herrings, shads, sardines, menhadens)     
Sardina pilchardus/ cf. Sardina pilchardus (Sardine) 12 19 1 9 _ _ _ _ _ _ _ _ _ _ _
Merlucciidae (Merlucid hakes)        
cf. Merlucciidae (Hake) _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1
Pomatomidae        
cf. Pomatomus saltatrix (Bluefish) 1 2 1 9 _ _ _ _ _ _ _ _ _ _ _
Carangidae (Jacks and pompanos)        
Trachurus trachurus _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1
Sciaenidae (Croakers)        
cf. Argyrosomus regius (Meagre) 1 2 1 9 _ _ _ _ _ _ _ _ _ _ _
Sciaenidae (Croakers) 1 2 _ _ _ _ _ _ _ _ _ _ _ _ _
Sparidae (Porgy family)        
cf. Dentex gibbosus (Common dentex) 2 3 1 9 _ _ _ _ _ _ _ _ _ _ _
Pagrus sp./cf.Pagrus sp. (Porgy) 2 3 1 9 _ _ _ _ _ _ _ _ _ _ _
cf. Sarpa salpa (Salema) 3 5 1 9 _ _ _ _ _ _ _ _ _ _ _
Sparus aurata (Gilthead seabream) 1 2 1 9 _ _ _ _ 1 33 1 50 _ _ _
cf. Spondyliosoma cantharus (Black seabream) 1 2 1 9 _ _ _ _ _ _ _ _ _ _ _
Sparidae /cf. Sparidae (Porgies) 10 16 ** ** _ _ _ _ 1 33 ** ** _ _ _
cf. Sparidae (Porgies)  _ _ _ _ 1 33 1 33 _ _ _ _ _ _ 1
Scombridae (Mackerels, tunas, bonitos)        
Scomber scombrus (Atlantic mackerel) _ _ _ _ 1 33 1 33 _ _ _ _ _ _ _
Mugilidae (Mullets)        
Liza sp. (Grey mullet) 1 2 1 9 _ _ _ _ _ _ _ _ _ _ _
Teleostei (Ray-finned bony fishes) 15 24 _ _ _ _ _ _ _ _ _ _ _ 1 _
Total identified 62 100 11 100 3 100 3 100 3 100 2 100 1 1 3
Undetermined 5  _  1 _ _ 1
Total 67    3    4    1 1 4
TABLE 8
The fish remains identified at Lameiras. Note that most were found in Early Neolithic contexts. Percentages are calculated only for the iden-
tified portions. ** These bones could only be identified to family level and so could have belonged to any of the other taxa within this family.
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Sparidae – porgies
The presence of sparids is confirmed by 19 
remains – 31% of the identifiable material. They 
include four individual teeth, two dentary bones, 
an operculum, a quadrate and 11 vertebrae. The re-
mains that could be identified to lower taxonomic 
level (i.e., genus or species) belong to porgy (Pa-
grus sp. – one right dentary), dentex (cf. Dentex 
gibbosus – one right dentary and a precaudal verte-
bra), black sea bream (cf. Spondyliosoma cantha-
rus – one precaudal vertebra), salema (cf. Sarpa 
salpa – three caudal vertebrae) and gilthead sea 
bream (Sparus aurata – one precaudal vertebra). 
The bones identified and their measurements are 
listed in appendix C. The sea bream vertebrae be-
longed to a fish with total length, TL > 45 cm. The 
porgies (the common name for any fish belonging 
to the family Sparidae) are typically littoral fish, 
often occurring in brackish water coastal lagoons 
and estuaries where they feed and/or form schools. 
Among them the sea bream is frequent in those en-
vironments during spring (Froese & Pauly, 2010).
Elasmobranchii – sharks and rays
12 vertebral centra, representing more than 19% 
of the identifiable material, belonged to elasmo-
branchs. The most frequent are the hound sharks 
(Triakidae). At least one smooth-hound (cf. Mus-
telus mustelus) vertebra belongs to a fish whose TL 
must have measured 65 cm.
At present hound sharks include small to moder-
ate-sized fish (up to 150cm TL), while hammerhead 
sharks (cf. Sphyrnidae) and requiem sharks include 
fish that can grow up to 400 cm TL (Sphyrnidae) 
and 300 cm TL [Carcharinidae; Whitehead et al. 
(1989)]. None of the vertebrae studied belonged to 
oversized individuals.
More than 58% of the vertebrae studied had 
been intentionally perforated through the centrum 
– thus enlarging the notochord canal (Figure 26). 
This indicates an interesting secondary utilization 
of fish bones to produce artefacts/ornaments.
Sardina pilchardus – sardine
The presence of 12 vertebrae attests the oc-
currence of sardine (Sardina pilchardus) - 19% 
of the identified material. The measurements of a 
first vertebra from Lameiras indicate that it must 
have belonged to a fish measuring some 18 cm TL. 
The sardine is a coastal pelagic species that forms 
schools usually at depths of 25 to 55 metres during 
the day, rising to 15 to 35 metres at night (White-
head et al., 1989). It is widely distributed in the 
continental shelf of Portugal to a depth ranging 
between 20 and 100 metres). Sardines can attain 
a length up to 27 cm and sometimes even more, 
although they are generally 13 to 14 cm long when 
a year old (Figueiredo & Santos, 1989). The other 
taxa are poorly represented being less than 2% of 
the total amount of fish bones identified.
Sciaenidae – croackers
The presence of croakers (Sciaenidae/cf. Argy-
rosomus regius) is documented by two precaudal 
vertebrae. One shows signs of burning and the 
other crushing. Croackers are medium to large 
fish found in coastal waters, over muddy or san-
dy bottom and sometimes among rocks. Juveniles 
and sub-adults often enter estuaries and coastal 
FIGURE 26
Worked fish bones from Early Neolithic Lameiras - Elasmo-
branchii (sharks and rays) vertebrae intentionally perforated (see 
Apendix C for measurements).
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lagoons. Spawning occurs offshore or along the 
coast, often in aggregations; the spawning season 
is usually prolonged from late spring to autumn. 
Meagre (Argyrosomus regius) adults are found in-
shore in shelf waters, close to the bottom as well 
as in surface and mid-waters, pursuing shoals of 
clupeids and mugilids (Whitehead et al., 1989).
Pomatomus saltatrix – bluefishes
The bluefish (Pomatomus saltatrix) represents 
2% of the identified material. Its presence is at-
tested by a caudal vertebra from an individual that 
measured less than 85 cm. The bluefish is a pelagic 
species found along the continental shelf (White-
head et al., 1989). Adults form loose groups, often 
attacking shoals of mullets or other fish (Collette, 
1999). Bluefishes are often associated with sharks 
and billfishes (Corbera et al., 1998).
Mugilidae – mullets
The occurrence of mullets (Mugilidae, Liza 
sp.) is documented by a single precaudal vertebra. 
Mullets are medium-size euryhaline (able to live in 
waters of a wide range of salinities) fish. They are 
pelagic, and usually form schools in coastal waters, 
enter lagoons, estuaries and rivers for feeding, but 
spawn in the sea (Whitehead et al., 1989).
Besides all these fish, another 15 remains were 
identified simply as Teleostei (the highest superor-
der of ray-finned bony fish). These represent more 
than 24% of the identified material and include ver-
tebrae (8 specimens), fin spines (2 specimens), and 
cranial bone fragments (5 specimens).
The Evolved Early Neolithic and Late Neolithic 
fish assemblages
Both the EEN and LN samples are minute when 
compared to the EN sample and comprise a mere 
seven bones. These are briefly described below. 
The EEN assemblage includes a vertebra of a car-
tilaginous fish (Chondrichthyes) and a precaudal 
vertebra of a sparid (Sparidae), probably a sea 
bream that measured less than 45 cm TL. Each rep-
resents 33% of the EEN collection. In addition the 
presence of the Atlantic mackerel (Scomber scom-
brus) is documented by the presence of a precaudal 
vertebra the other 33% of the fish remains identi-
fied in this layer. The Late Neolithic assemblage in-
cludes three teeth belonging to shortfin mako shark 
(cf. Isurus oxyrinchus; one specimen), and sparids 
(Sparidae; two molariform teeth). They each repre-
sent 33% of the fish remains identified in this layer. 
RECOVERY BIAS
In the Late Neolithic, the relative scarcity of re-
mains of small animals like fish compared to the 
Early Neolithic, probably reflects the greater care 
taken while excavating the latter (see ‘material and 
methods’ section above). Note (Table 7) the re-
duced percentage of rabbit and complete absence of 
cat and fox in the Late Neolithic. So too eight vole 
mandibles and an isolated vole M1 were found in 
the Early Neolithic and two M1s of this animal were 
found in the Mousterian but none were recovered 
from the Late Neolithic. And there are three field 
mouse mandibles recorded from Early Neolithic 
but none from the Late Neolithic. Recovery bias has 
probably therefore affected the percentages of small 
animals. We do not know whether it has had any 
effect on the recovery of the larger animals. 
THE FREQUENCIES OF THE DIFFERENT 
TAXA OF MEDIUM- AND LARGE-SIZED 
MAMMALS (Tables 7 and 9).
There were clearly few remains of wild mam-
mal in the Neolithic (even in the Early Neolithic) 
and Chalcolithic levels of Lameiras. In this respect 
Lameiras is similar to late Neolithic Belas (Davis 
unpub.) and Penedo do Lexim (Late Neolithic; 
Moreno-García & Sousa, 2013) and also Chalco-
lithic Leceia (Cardoso & Detry, 2002) and Zambu-
jal (Driesch & Boessneck, 1976). In all these sites 
situated in the Lisbon Peninsula, domesticated an-
imals - sheep, goat, cattle and pigs - were common 
while wild ones were scarce. All these sites clearly 
differ in terms of wild: domestic fauna from Chal-
colithic sites further east in the Alentejo such as 
São Pedro, Redondo (Davis & Mataloto, 2012) and 
Porto Torrão (Arnaud, 1993) with their abundant 
remains of wild mammals. The high proportion of 
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domestic livestock in the Lisbon peninsula may 
reflect the denser human habitation there in the 
Chalcolithic. Was human habitation of the Lisbon 
peninsula in Neolithic times already dense? It will 
be interesting to discover whether the faunal com-
positions of Neolithic sites in the Alentejo also in-
cluded a significant wild component. So much for 
geographical variation in the Neolithic and Chal-
colithic; were there chronological changes both 
within the Lameiras sequence and across the late 
Pleistocene to Neolithic and on to the Bronze Age 
in southern Portugal?
Figure 27 (see also Table 7) shows the frequen-
cies of the main large and medium-sized mammals 
in the four main levels at Lameiras. The difference 
between the Mousterian and the Neolithic is most 
striking. In the former period it is clear that equids, 
red deer and aurochsen were the dominant taxa 
exploited with, presumably, some wild goat. Al-
though with such small samples these figures need 
to be treated cautiously, and if more material were 
to have been found in the Mousterian of Lameiras 
the number of species recorded would probably be 
greater. This Mousterian faunal spectrum is similar 
to that observed at other contemporary sites in the 
southern half of Portugal (see table 4 in Davis & 
Moreno-García, 2007 and Figure 28) in that it is 
dominated by equids, red deer, goat and aurochsen 
– all taxa that were clearly hunted. 
The two main Neolithic levels (Early and Late) 
show very small and probably insignificant dif-
ferences and, as mentioned above, comprise pre-
dominantly caprines (mostly sheep) and pigs with 
some cattle and equids. Red deer is barely present 
at all. However, when these Neolithic levels are 
compared to the Mousterian, the difference is very 
marked; there was clearly a shift from horse and 
red deer to caprines. 
Let us also view the Lameiras Neolithic as part 
of a considerable number of assemblages of faunal 
remains dating from the Mousterian to Bronze Age. 
This is depicted in Figure 28 and includes the Me-
solithic remains from the Muge and Sado estuaries 
[data from Detry (2007); table 4 in Davis & More-
no-García (2007)]. This chronological succession 
shows quite clearly a sudden and very abrupt shift 
from red deer to caprines (mainly sheep) that oc-
curred between the Mesolithic and the Early Neo-
lithic. Several other species of large mammals like 
Early Neolithic Late Neolithic Chalcolithic
Caldeirão Lameiras Lameiras Penedo Lexim Belas Leceia
Bos 18 5 13 2 25 31
Caprines 22 56 60 49 51 31
Sus 57 37 26 49 18 38
Cervus 2 0 + + 6 1
Capreolus 0 2 + 0 0 0
Equus 2 + 0 0 0 0
N large mammals 60 315 504 967 113 716
TABLE 9
The Neolithic and Chalcolithic – percentages of the large mammals (of size > hare) at Lameiras, Gruta do Caldeirão (Davis, 2002), 
Penedo do Lexim (Moreno-García & Sousa, 2013) and Belas (own data). Most or all the Bos and Sus are cattle and pigs respectively. 
Note the clear emphasis upon domesticated cattle, pigs and sheep/goat. Rabbits were also common but the variation of their percentages 
may reflect recovery techniques and so they have been omitted from this table (see Tables 1-5 and 7 for the counts of rabbit remains). 
FIGURE 27
Stasis and change at Lameiras from the Mousterian to the Chal-
colithic – the percentages of large mammals in the four principal 
levels. There was clearly little change during the Neolithic: the 
percentages of different taxa in the early Neolithic are similar 
to those in the Late Neolithic. With the exception of a small in-
crease in the number of equids, the Chalcolithic is also similar. 
However, the Mousterian is characterized by its absence of sheep 
and, like other late Pleistocene sites in the southern half of Portu-
gal (see Figure 28), is dominated by equids, red deer, aurochsen 
and goat.
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FIGURE 28
The faunal succession in the southern half of Portugal. This bar chart shows the percentages of the more common medium and large 
herbivore taxa found on archaeological sites and grouped by period from Mousterian to Bronze Age. Note the major faunal change 
from red deer to sheep and goat that occurred between the Mesolithic and Neolithic. This presumably marks the beginning of animal 
husbandry and the introduction of domesticated animals. The Neolithic of Lameiras clearly belongs to the ‘domestic animals’ side of the 
spectrum. Note also the earlier, Mesolithic, increase of Sus – an animal known for its ability to reproduce rapidly. Due to the difficulties 
in distinguishing between wild boar and pig, sheep and goat, cattle and aurochs, and the different species of equids, these are grouped 
as Sus, Capra/Ovis, Bos and Equus respectively. Note however, that sheep are only found from the Neolithic onwards. Equids, roe deer 
and chamois also seem to have been more common in the earlier periods. For clarity the vertical bars for rarer taxa are slightly enlarged. 
Many of these data are in table 4 of Davis & Moreno-García (2007).
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roe deer, equids and chamois were also exploited, 
if to a lesser extent, before the Neolithic although 
some of these (Capra, equids and chamois) became 
scarce or even perhaps extinct in the Mesolithic. 
Why were red deer and horses so scarce in 
the Neolithic at Lameiras? Merely comparing the 
Mousterian with the Neolithic at this site suggests a 
very significant change. But what of the intervening 
times? In the Mesolithic it seems there had been a 
shift towards exploitation of marine resources such 
as fish and especially molluscs (see below for fur-
ther discussion). This probably reflects a relative 
scarcity of large mammals in the environment. We 
write relative, as the actual numbers of deer and 
equids may not have decreased to any very great 
extent. The increase in the human population may 
have been such that there were simply insufficient 
deer and equids to feed an ever increasing human 
population. It has been suggested that a gradual 
increase of the human population here in south-
ern Portugal as in the Near East caused the shift 
from large mammals to small ones and then birds 
and maritime resources (Davis, 1985, 2005; Davis 
& Detry, 2013). Once domesticated animals like 
sheep and goats were introduced, these dietary con-
straints were alleviated and it was no longer neces-
sary to have to gather molluscs, fish and hunt wild 
mammals. Perhaps these resources (i.e., the large 
mammals) anyway had become scarce or even lo-
cally extinct. However in the Early Neolithic of 
Lameiras, fishing and gathering of molluscs did 
continue even though probably on a smaller scale 
than the Mesolithic. It was not until later times (like 
the Chalcolithic) that we find a substantial presence 
of wild animals like aurochsen, red deer and horses 
on some Chalcolithic sites although they appear to 
be smaller sites situated in the interior of the coun-
try as discussed above.
One important question is: was the change 
from hunting to husbandry sudden with little hunt-
ing being undertaken in the Neolithic, or was it 
gradual with Neolithic farmers remaining some-
what attached to their ancestors’ hunting lifestyle? 
To provide an answer we need a multi-period 
site with abundant carefully excavated faunal re-
mains from both pre-Neolithic (most importantly 
Mesolithic) as well as Neolithic times. Without a 
Mesolithic presence at Lameiras the change from 
Mousterian to Neolithic –from horse+red deer to 
sheep+goat+pig+cattle– does appear to have been 
quite abrupt. However, the long time gap and cli-
mate changes need to be taken into account.
A consideration of multi-period sites (in Spain) 
is somewhat confusing. Some show an abrupt 
switch at the Mesolithic-Neolithic boundary and 
others show a more gradual change with Neolithic 
farmers continuing their former lifestyle and re-
lying quite substantially upon hunting. It is worth 
asking to what extent an apparent gradual change 
is an artefact of mixing of material from pre-Neo-
lithic with material from Neolithic levels in a site 
and/or the capabilities of excavators to clearly dis-
tinguish between these two horizons.
Among those indicating a sharp shift is La Fal-
guera (Pérez Ripoll, 2006), Cova de les Cendres 
(Iborra Eres & Martínez Valle, 2009) and Cova de 
l’Or (Pérez Ripoll, 1980) all in Alicante. At these 
sites red and roe deer continue to be present in the 
Neolithic but in much reduced numbers. Similar-
ly, at the Early Neolithic lakeshore site of La Dra-
ga (Banyoles) the medium-large mammals com-
prised 45% caprines, 22% cattle and 15% pigs 
while red and roe deer were extremely scarce, 
being less than 1% (Antolín et al., 2014). In the 
Neolithic levels, 19 and 20 of the cave of Mirador 
(Sierra de Atapuerca, Burgos, Spain) Martín et al. 
(2009) also found that the fauna comprised over 
70% caprines and a mere 1 or 7% Bos and 5% or 
less red deer. And the medium-large mammals in 
the Neolithic of Chaves cave, Huesca, comprise 
mainly caprines (67%) with red and roe deer 11% 
and 1% respectively (Castaños, 2004). Among 
those indicating a more gradual shift may be men-
tioned the cave of Los Gitanos in Cantabria (Ál-
varez-Fernández et al., 2014) where hunting pre-
dominated (66%) in the Early Neolithic but seems 
to have reduced to 54% in the later of the two EN 
layers, 51% in the Late Neolithic and 20% in the 
Chalcolithic.
That there was no general pattern in the Meso-
lithic-Neolithic faunal change was highlighted by 
Saña (2013) in her synthesis of animal domestica-
tion in the Iberian Peninsula. She noted substantial 
regional variations. For example in the north, Early 
Neolithic sites can be divided into two groups. At 
most sites domestic species are predominant, being 
over 70%. But at a smaller number of sites red deer 
hunting predominates and some sites only have 
wild species. Some, too, have equal proportions of 
wild and domestic! But in general by the Middle 
Neolithic (4500-3300 cal BC) and Late Neolithic 
(3300-2500 cal BC) faunal composition is quite 
different and in these later periods domestic ani-
mals “occupy a central position… which may be 
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associated with the full consolidation of stock-rear-
ing” (Saña, 2013: 206-7).
The pattern suggested for southern Portugal 
when we compare the Mesolithic shell midden fau-
nas (Detry, 2007) and even the coastal shell-mid-
den (concheiro) site at São Julião, just 10 km away 
(Sousa et al., 2004) with Early Neolithic Lameiras 
indicates an abrupt change. But clearly we need 
more Neolithic faunal assemblages from both the 
Lisbon peninsula and to the east in the interior of 
the country. 
PARTS OF THE SKELETON (see Tables 1 – 5)
Most parts of the skeleton of the more common 
medium and large mammal taxa are represented. 
There is little evidence to indicate any preference 
for any particular parts of the carcass. The differ-
ent frequencies of the various parts of the anatomy 
probably reflect their density and size – i.e., their 
preservation and recovery (Brain, 1967; Payne, 
1972). 
AGE AT DEATH (see Tables 2 – 4 and 10 – 15 and 
the dental ageing data in Appendix B).
Caprines. Were sheep and goat slaughtered at 
different ages in the Neolithic at Lameiras? It is 
unfortunate that too many of the Lameiras cap-
rine bones could only be identified as “sheep/
goat”. Thus once we examine the juvenile man-
dibles with milk teeth, and distal humeri, distal 
metacarpals, distal metatarsals and calcanea, sam-
ple sizes, especially for humeri and calcanea are 
very small. It is however intriguing that when we 
pool the counts for metacarpal and metatarsal (the 
epiphyses of these bones fuse at more or less the 
same age) there is some evidence that the slaugh-
ter pattern of goats may have differed from that of 
sheep. Thus for the metapodials, note there are 4½ 
unfused and 1 fused goat, and 5½ unfused and 9½ 
fused sheep. Put another way, the great majority 
of the goats were slaughtered as kids and less than 
a half of the sheep were slaughtered as lambs. A 
note of caution is necessary as 7½ unfused metap-
odials could not be identified as sheep or goat and 
therefore many or all these could have belonged 
to sheep. Notwithstanding this note of caution, can 
we argue that goats tended to be slaughtered when 
TABLE 10
Age-at-death of caprines estimated from the state of eruption of the dP4/P4 teeth and the fusion of limb-bone epiphyses. These are as 
follows: dP4:P4 – presence of the last milk molar tooth or its replacement - the permanent fourth premolar; SC – scapula-coracoid; HU 
– distal humerus; RA – distal radius; MP – distal metacarpals and distal metatarsals combined; FE – distal femur; TI – distal tibia; CA 
– calcaneum-tuber calcis; Pprox – proximal phalanx. Counts are shown as x : y where x = the number of dP4s, unfused epiphyses or me-
taphyses (whichever the larger count); and y = the number of P4s or fused epiphyses. Single (broken) metapodial condyles are counted as 
halves. Counts are from larger Portuguese zooarchaeological assemblages where the total number of these teeth and bone ends is greater 
than 20. For São Pedro, Redondo; Castro Marim; Alcáçova de Santarém; and Silves lixeira; see Davis & Mataloto, 2012; Davis, 2007; 
Davis, 2006; and Davis et al., 2008 respectively. For Penedo do Lexim and Mercador see (Moreno García & Sousa, in press).The high 
proportion of juvenile caprines slaughtered at Lameiras, as well as Penedo do Lexim and Mercador, indicates that their caprine economies 
probably emphasized meat production. The same may have been true in the Iron Age at Castro Marim. The result for São Pedro, Redondo 
should be treated cautiously due to the small size of the sample at this site.




Marim Alcáçova de Santarém
Silves 
lixeira
Period E. Neol L. Neol L. Neol Chalcolithic Chalcolithic Chalcolithic Iron Iron Roman Moslem Moslem
Tooth/Bone
dP4:P4 11:6 24:23 13:5 2:2 3:1 5:2 23:21 22:14 42:59 76:89 56:81
SC 1:2 0:0 2:0 0:5 3:0 0:1 7:8 0:20 16:34 1:71 24:73
HU 1:10 1:17 2:3 3:9 4:10 0:3 2:32 1:63 8:98 14:132 52:117
RA 4:4 5:0 1:0 1:1 6:2 0:1 11:2 7:7 17:13 35:26 32:16
MP 12:5½ 2½:2 5:3 14:9 8:2 1:2 8:6½ 12:16½ 37:37½ 56:59 53½:75½
FE 4:3 1:0 1:1 0:2 1:1 1:0 3:0 10:3 15:12 19:18 19:11
TI 6:7 3:5 3:2 4:3 3:3 0:5 6:12 6:48 17:70 33:90 37:120
CA 5:1 3:1 5:1 1:1 0:0 0:1 13:7 15:11 26:23 35:31 61:48
Pprox 4:8 3:4 2:0 3:6 0:4 0:3 6:30 7:20 26:74 9:71 26:193
Total 48:46½ 42½:52 34:15 28:38 28:23 7:18 79:118½ 80:202½ 204:420½ 278:587 360½:734½
% Juvenile 51 45 49 42 55 28 40 28 33 32 33
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very young as kids, but a greater proportion of the 
sheep were kept to an older age? Why slaughter 
these two animals at quite different stages of their 
life? One possible explanation is that the goat does 
not produce wool (there are two exceptional cen-
tral Asian breeds) and so perhaps the goats were 
slaughtered young merely for their meat while the 
sheep were kept on for their wool and milk and 
only subsequently slaughtered. Given the unlikely 
occurrence of wool- and milk-producing domestic 
sheep in these early times (wool production is gen-
erally considered to have begun somewhat later) 
another explanation is called for. These two ani-
mals behave in a rather different way. Goats tend to 
be more independent and will wander off on their 
own. They are also able to jump over enclosures, a 
reason why they have been uncommon on English 
farms since farmland became enclosed (Burke, 
1837 Vol II: 505). Sheep are known for their ten-
dency to clump together and are therefore easier 
to maintain in flocks. Our suggestion is that the 
shepherds at Lameiras, while liking both goat and 
sheep meat, had to slaughter the kids before they 
became unmanageable while the sheep could be 
kept to an older age before slaughter. The apparent 
absence of the older breeding goats is an enigma. 
However caution should be exercised as the pro-
portion of juvenile (unfused epiphyses) bone can 
reflect preservation with the juvenile more porous 
and delicate bone being more subject to disintegra-
tion over time.
If we consider the limb-bones and teeth of the 
caprines, then approximately a half (51% in the 
Early Neolithic and 45% in the Late Neolithic) of 
the caprines were slaughtered as young animals 
before the P4 (the permanent fourth premolar tooth) had replaced the dP4 (the last milk tooth) and before the various limb-bone epiphyses had 
fused (see counts in Tables 2 – 4 and 10 and 12). 
The counts for the Neolithic and Chalcolithic at 
Penedo do Lexim are also rather high; 49 and 
42% and at Mercador slightly higher still at 55%. 
These high counts of juvenile caprines probably 
reflect an emphasis upon the production of pri-
mary products – meat and skins rather than the 
so-called secondary products like wool, hair, 
milk and dung as well as their meat of course. 
Note for example the considerably lower pro-
portion of juvenile caprines in the Iron Age to 
Medieval-Moslem levels at Santarém and Mos-
lem Silves. While it is clear that at some time 
between the Neolithic and the Iron Age people 
began exploiting caprine secondary products, a 
clearer identification of the time when this shift 
occurred here on the basis of the percentages in 
Table 10 is not possible. Note for example the low 
Site: Lameiras S. Pedro, Redondo Castro Marim Alcáçova de Santarém Alcáçova de Santarém Alcáçova de Santarém Silves lixeira
Period: Neolithic Chalcolithic* Iron Iron Roman Moslem Moslem
Tooth/Bone
dP4:P4 6:1 2:0 0:4 11:15 7:18 3:15 0:13
SC 0:2 0:3 0:1 0:14 1:16 0:27 0:20
HU 0:1 0:3 0:6 0:12 0:20 1:32 0:18
RA 1:0 0:4 1:1 7:9 11:20 9:29 3:21
MP 5½:9½ 2½:4½ 1:10 7:40 20:50½ 16:95 3:62
FE 0:0 0:0 2:0 2:3 5:9 4:5 4:3
TI 1:2 3:1 2:8 4:24 5:31 11:57 4:34
CA 3:0 0:1 0:0 11:14 12:16 11:19 3:14
Pprox 3:11 0:4 0:23 5:78 8:96 5:127 2:90
Total 19½:26½ 7½:20½ 6:53 47:209 69:276½ 60:406 19:275
% Juvenile 42 27 9 18 20 13 6
TABLE 11
Age-at-death of cattle estimated from the state of eruption of the dP4/P4 teeth and the fusion of limb-bone epiphyses. These are as fol-
lows: dP4:P4 – presence of the last milk molar or the permanent fourth premolar tooth; SC – Scapula-coracoid; HU – distal humerus; 
RA – distal radius; MP – distal metacarpals and distal metatarsals combined; FE – distal femur; TI – distal tibia; CA – calcaneum-tuber 
calcis; Pprox – proximal phalanx. Counts are shown as x : y where x = the number of dP4s, unfused epiphyses or metaphyses (whichever the larger count); and y = the number of P4s or fused epiphyses. Single (broken) metapodial condyles are counted as halves. Counts are 
from larger Portuguese zooarchaeological assemblages where the total number of these teeth and bone ends is greater than 20. For São 
Pedro, Redondo; Castro Marim; Alcáçova de Santarém; and Silves lixeira; see Davis & Mataloto, 2012; Davis, 2007; Davis, 2006; and 
Davis et al., 2008 respectively. The high proportion of juvenile cattle slaughtered at Lameiras indicates that its bovine economy was 
probably a meat one.
* Note that due to difficulty of separating aurochs from cattle bones, some of the São Pedro cattle may include aurochsen.
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numbers of juveniles in the Chalcolithic at São 
Pedro Redondo and the high counts of juveniles in 
the Iron Age at Castro Marim! Clearly more Por-
tuguese zooarchaeological samples are needed.
Although their numbers are small and their age-
at-death classes may not be quite the same as those 
for Lameiras, it is interesting to note that approx-
imately 58% of the sheep and goat slaughtered in 
the Neolithic levels (A2, A3 and A4) at the cave of 
Los Gitanos (Cantabria, Spain) were juvenile (i.e., 
infantile+juvenile; Álvarez-Fernández et al., 2014: 
table 2).
Cattle. Like the caprines, the age-at-death data 
for the cattle at Lameiras when viewed within a 
long chronological sequence of Portuguese sites 
also reveal an interesting shift, though again there 
are only a few samples and the time of the shift 
cannot yet be accurately pinpointed. Caution is 
also required when interpreting these quantitative 
data from different sites as one important variable 
that can affect the percentages of juvenile bones 
and teeth is preservation. When soil conditions are 
poor, teeth and especially bones of juvenile ani-
mals are less likely to survive. Table 11 shows that 
at Lameiras 42% of the cattle teeth and bones were 
from juvenile animals – a percentage which is far 
higher than at any of the later sites. Note that at Ro-
man Santarém and the two Medieval-Moslem as-
semblages the proportion of dP4 teeth is quite low 
suggesting that cattle, at least from Roman times 
on, were kept more especially for their secondary 
products – perhaps mainly power. While this cer-
tainly was not the case at Lameiras, the timing of 
a possible shift from meat to secondary products is 
difficult to ascertain. A very small sample of bones 
from Iron Age and Roman Odemira (Davis & Vil-
hena, 2017) provides some intriguing evidence. At 
this site, 30% of the remains of cattle in the Iron 
Age belonged to juveniles – there were for exam-
ple 4 dP4s and only 1 P4. However, in the subse-
Early Neolithic Late Neolithic
Bos Ovis/Capra Sus Bos Ovis/Capra Sus
N dP4 1 11 4 5 24 6
N P4 - 6 3 1 23 3
N bones unfused 5 37 46½ 8½ 18½ 26
N bones fused 4 40½ 13½ 21½ 29 31
N U/T 5/9 37/77½ 46½/60 8½/30 18½/47½ 26/57
% juveniles - 48% 78% 39% 46%
Early and Late Neolithic combined
Bos Ovis/Capra Sus
N dP4 6 35 10
N P4 1 29 6
N dP4/(NdP4+NP4) 6/7 35/64 10/16
% juveniles - 55% 63%
N bones unfused 13½ 55½ 72½
N bones fused 25½ 69½ 44½
N U/T 13½/39 55½/125 72½/117
% juveniles 35% 44% 62%
TABLE 12
Lameiras – age at death of the cattle, caprines and pigs - Early and Late Neolithic compared and combined. These are the counts of 
unfused limb-bone epiphyses (data given in Tables 2, 3 and 4). Unfused refers to either unfused epiphyses (UE) or unfused metaphyses 
(UM) – whichever is the greater. NU/T refers to the numbers of unfused epiphyses divided by the total (unfused + fused). The teeth and bones/epiphyses that are considered here are: deciduous fourth premolar (dP4) and fourth permanent premolar (P4), scapula-coracoid, distal humerus, distal radius, distal metacarpal, distal femur, distal tibia, calcaneum-tuber calcis, distal metatarsal, and the proximal pha-
lanx. NB: the value here ‘% juveniles’ is calculated from the limb-bones only and excludes consideration of the dP4 versus P4 counts. If 
we include the dental counts as in Table 9 then the percentage juveniles becomes slightly greater.
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a)
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 P Total notes
dP4:
 (CAH – – 1* – – – – – – – – – – 2 1 – 2 – 2 – – – 1 – –) – * = stage 2 or 3
 (OVA – – – – – – – – – – – – – 11 9 – 1 1 2 1 – 1 – – 1) –
 O – – 1* – – – – – – – – – – 13 10 – 3 1 4 1 – 1 1 1 3 39 * = stage 2 or 3
P4:
2 – – 1 – 2 – – 3 9 – 1 8 – 3 2 – – – – – – – – – 31
M1:
4 – 1 – – 1 – 3 – 21 – 3 2 – – 6 – – – – – – – – – 41
M1/2:
3 – 3 – 1 4 3 9 11 35 3 1 3 – – 3 – – – – – – – – – 79
M2:
4 2 – – 1 3 2 6 2 19 – 1 1 – – 1 – – – – – – – – – 42
M3:
4 1 5 1 2 1 4 2 3 5 6 11 2 – – – – – – – – – – – – 47
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 P Total notes
b)
Stage: A B C D E E/F F G H I n
months: 0-2 2-6 6-12
years: 1-2 2-3 3-4 4-6 6-8 8-10
0 3 3 4 6 1 5 3 2 1 28
TABLE 13
Lameiras Neolithic; wear stages of the sheep/goat mandibular teeth following a) Payne (1987) above and b) Payne (1973) below. 
These wear stages extend from teeth just erupted with unworn enamel (i.e., no dentine exposed) in stage “0” to teeth from very old ani-
mals with hardly any crown left. “P” includes teeth that could not be assigned to a wear stage. Many of the deciduous fourth premolars 
could be identified to species. These are shown in parentheses, “CAH” goat and “OVA” sheep. “O” includes these and the unidentified 
caprine dP4s. Note that one of the mandibles in stage ‘D’ is estimated.
a b c d e f g h i j k l m n o p P Total
dP4:
– 1* 1 – – 1** – 1 – 1 – 2 – – – – – 7
P4:
1 – – – – – – – – – – – – – – – – 1
M1:
– – – – – 1 – – – – – – – – – – – 1
M1/2:
2 – – – 1 2 1 2 – – 3 1 – – – – – 12
M2:
1 – – – – – – – – – – 1 – – – – – 2
M3:
1 1 – – – 1 1 – – – 2 – – – – – – 6
a b c d e f g h i j k l m n o p P
TABLE 14
Lameiras – Neolithic; wear stages of the cattle mandibular teeth (following Grant, 1982). These wear stages extend from teeth just erupt-
ed with unworn enamel (i.e., no dentine exposed) in stage “a” to teeth from very old animals with hardly any crown left. “P” includes 
teeth that could not be assigned to a wear stage. Clearly many of the cattle were slaughtered in their first 3 years of life with their milk dP4 tooth. The ratio of dP4 : P4 is 7 : 1. This contrasts with the ratio at Silves (Moslem period) where there were 0 dP4 teeth and 13 P4 teeth (see 
table 9 in Davis et al., 2008). It is likely that at Silves the Moslems kept their cattle mainly for their energy (ploughing and transport), and 
so most were not slaughtered until quite old. This contrasts with the high cull of juvenile cattle at Lameiras where presumably the main 
interest was beef. * = stage a-c, ** = stage e-g.
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quent two levels (Iron Age/Roman transition and 
Roman) none of the cattle teeth or bones belonged 
to juveniles. Clearly more large samples of cattle 
remains are needed from Chalcolithic and Iron Age 
sites to test the hypothesis that the exploitation of 
cattle power in Portugal began in the Iron Age or 
in Roman times. At Moslem Silves too, cattle were 
clearly kept well into adulthood: at that site there 
were no dP4 teeth and 13 P4s (see table 9 in Davis 
et al., 2008). 
Pigs. Approximately 67% of the Neolithic pigs 
at Lameiras were slaughtered while still osteologi-
cally immature, with milk teeth and/or limb-bones 
with unfused epiphyses (see Tables 2 – 4 and Table 
15). This is not surprising as pigs are exploited for 
their slaughter products alone – pigs are not milked 
and do not produce wool. It does not make sense 
in terms of food input versus meat weight gain to 
keep pigs more than 2 or 3 years. 
AN ANOMALOUS BOS LOWER THIRD 
MOLAR TOOTH (Figure 29)
Unlike the first and second lower molar teeth 
of artiodactyls which each possess two pillars, the 
lower third molar is characterised by having three. 
Note as an example the large aurochs M3 from the 
Mousterian of Lameiras on the left side of this fig-
ure. The posterior pillar or cusp is the hypoconulid. 
Occasionally in cattle, and perhaps in other artio-
dactyl taxa, third molars have a reduced or com-
pletely absent hypoconulid. This may have some-
thing to do with inbreeding (O’Connor, 2000: 121; 
Argant et al., 2013). If found as an isolated tooth 
– i.e., detached from the mandible ramus, such a 
tooth could easily be mistaken as an M1 or M2. This means that occurrences of this phenomenon are 
probably under-estimated. The specimen here from 
UE 103 (Evolved Early Neolithic) is within the 
mandibular ramus and so is clearly a third molar 
tooth. Note that apart from the base of the crown, 
the hypoconulid is absent. According to Thierry 
Argant who is compiling records of known occur-
rences of this strange phenomenon, the specimen 
shown here from Lameiras is the earliest example 
known so far (Argant, pers. comm.; Argant et al., 
2013). 
BOTANICAL REMAINS –FURTHER EVIDENCE 
FOR AGRICULTURE AT LAMEIRAS
Thanks to careful recovery by sieving, many 
plant remains were discovered. These have been 
studied by López-Dóriga & Simões (2015). Among 
the wide spectrum of remains found in the Early 
Neolithic, she identified Hordeum vulgare (bar-
ley), Triticum aestivum/durum (bread/macaroni 
wheat) and Triticum dicoccum (emmer wheat). She 
also found Lens culinaris (lentil), Pisum sativum 
(pea), Vicia faba (broad bean) and V. sativa (vetch). 
These plants were first domesticated in the Near 
East and therefore indicate that the Early Neolithic 
TABLE 15
Lameiras Neolithic; wear stages of the Sus mandibular teeth (following Grant, 1982). These wear stages extend from teeth just erupted 
with unworn enamel (i.e., no dentine exposed) in stage “a” to teeth from very old animals with hardly any crown left. 
a b c d e f g h i j k l m n P Total
dP4:
3 2 – 4 1 1 – – – 1 – – – – – 12
P4:
2 3 1 – – – – – – – – – – – – 6
M1:
2 1 1 1 – 2 – – – 1 – – – – – 8
M1/2:
7 1 2 2 2 1 – – – – – – – – – 16 (+1 b/c)
M2:
1 1 1 1 2 – – – – – – – – – – 6
M3:
5 5 1 1 – – – – – – – – – – – 13 (+1 a/b)
a b c d e f g h i j k l m n P
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inhabitants of Lameiras were farmers. Moreover, 
López-Dóriga also found emmer/einkorn and mac-
aroni wheat chaff which (we are grateful to João 
Tereso for pointing this out to us) represents the 
waste residue derived from processing the cereal 
after harvest. This presence of chaff serves as yet 
another indicator of agricultural practise. With the 
presence of cereal and other grains one could argue 
that they were simply purchased by the inhabitants 
of Lameiras. But then why would they also buy the 
waste products of their processing? In sum there-
fore, given not only the presence of exotic cereals 
and grains but also the waste from emmer process-
ing, as well as sheep bones, it is quite clear that the 
inhabitants of Lameiras were principally farmers. 
DISCUSSION
An understanding of the fauna of Lameiras could 
have some bearing upon the history of the people of 
southern Portugal: how did the Neolithic way of life 
arrive here? Was it adopted gradually, or did it come 
suddenly? Put another way, did farmers spread their 
technology and their domesticated animals so that 
local hunter-gatherers slowly adopted farming – the 
‘cultural diffusion’ explanation (Ammerman & Ca-
valli-Sforza, 1984) or did husbanding and farming 
suddenly take over – a scenario that suggests (ad-
mittedly rather speculatively) that there could have 
been a change of the human populations at that time, 
a scenario that Ammerman and Cavalli-Sforza call 
‘demic diffusion’. Palaeogenetic studies of human 
bones of both farmers and hunter-gatherers in Eu-
rope and the Near East are suggesting the possibili-
ty of a mixture of both cultural diffusion and migra-
tion from the Aegean and/or Near East (Hofmanová 
et al., 2016). That a mixture of the two occurred and 
that the proportions between them varied according 
to locality in Europe has also been suggested via 
mathematical modelling (Fort, 2015). Take the case 
of Britain. Mesolithic and Neolithic faunal assem-
blages in southern Britain indicate that sheep and 
often goats too are present in nearly all Early Neo-
lithic settlements there (Serjeanston, 2014). Both 
FIGURE 29
Two lower third molar teeth of Bos (aurochs/cattle) in occlusal (above) and buccal views (below) from Lameiras. The isolated M3 on the 
left is from the Mousterian and presumably belonged to an aurochs. Note that it has the three columns; the posterior one known as the 
hypoconulid. This is the normal structure. The M3 on the right, shown both separated from the mandible ramus and within the ramus, is 
abnormal in that it lacks a hypoconulid. This latter specimen is from the Evolved Early Neolithic and with its anterior crown width (‘Wa’) 
of 15,7 mm it probably belonged to a domestic animal. ‘l’ = maximum antero-posterior crown length. 
140 SIMON DAVIS, SÓNIA GABRIEL & TERESA SIMÕES 
Archaeofauna 27 (2018): 93-172
the scarcity of wild animals and presence of sheep 
and goats support the theory of an immigrant popu-
lation rather than one which added farming to an al-
ready existing hunting and gathering lifestyle. The 
animal data from southern Britain do not support 
the theory that there was a gradual acculturation of 
the Mesolithic people, rather the Neolithic arrived 
all together and the principal domestic animals be-
came the mainstay of economic and social life from 
the earliest Neolithic. An abrupt shift in diet at the 
onset of the Neolithic not only in Portugal but also 
in Denmark and coastal Britain is indicated by the 
carbon isotope (δ13C) ratios found in human bones. 
These indicate a sudden change from a marine to 
a terrestrial-based diet (Tauber, 1981; Lubell et 
al., 1994; Richards et al., 2003). Tresset & Vigne 
(2011) note that in Brittany and Scotland Mesolithic 
and Early Neolithic sites indicate a ‘sudden’ shift 
from marine to terrestrial food between roughly 
4400 and 3900 cal BC for Brittany and Scotland re-
spectively. These authors also highlight the fact that 
in general throughout Europe, late Mesolithic peo-
ples exploited a wide spectrum of animals including 
molluscs, fish, birds and mammals while Neolithic 
diets were less diverse and were mostly terrestrial 
and often domestic. Recent isotope studies under-
taken here in Portugal by Guiry et al. (2016) also 
indicate “a relatively sharp and sustained shift to 
terrestrial foods at the onset of the Early Neolithic”. 
Take one other example of Vela Spila in Croatia. 
In their report on the fauna, Rainsford et al. (2014) 
write: “Fishing at the site changed from one of the 
primary activities in the Mesolithic, contributing 
significantly to subsistence, to a small-scale and 
opportunistic activity in the Neolithic, taking up lit-
tle time and providing a modest source of protein”. 
We suggest that a similar change happened here in 
southern Portugal. Whether the Mesolithic human 
population was totally replaced or people suddenly 
adopted a new kind of lifestyle, or even a combina-
tion of the two, will be difficult to determine, and 
of course may have varied from region to region as 
Saña (2013) has suggested (see above). So much 
for chronological changes in southern Portugal; let 
us now compare events here with those that had al-
ready occurred thousands of years earlier and thou-
sands of kilometres to the east.
Many have pinpointed the Near East – in partic-
ular the so-called Fertile Crescent - as the location 
where many of our principal domesticated animals 
were first domesticated (see above under Ovis/
Capra – sheep/goat). In recent years, substantial 
advances have been made in the study of food-an-
imal domestication in the Near East – the region 
in which domestic sheep originated. When, then, 
were sheep first domesticated in that region? 
One convincing study that provides a date for 
sheep domestication is that of Peters et al. (2005). 
An important criterion for distinguishing between 
domestic animals and their wild ancestors is size, 
as we discuss here. Domestic sheep, goat, cattle and 
pigs are all smaller than their wild relatives. But size 
in many mammals also varies geographically and 
with the temperature of the environment. By study-
ing archaeological animal bones from sites in a re-
stricted region – the Upper Euphrates-Tigris basin 
– Joris Peters and his group managed to essential-
ly ‘control’ geographical variation. They have also 
managed to ‘control’ environmental temperature 
variation by considering not only taxa that were do-
mesticated (sheep, goat, wild boar/pig, and aurochs/
cattle) but also a species - the gazelle - that was not 
domesticated. They show that gazelle did not under-
go any significant size decrease during the 9th – 7th 
millennia cal BC when the lineages of the other four 
taxa did, after the final Pre-Pottery Neolithic ‘A’ 
period (PPNA) and during the subsequent PPNB. 
Hence if temperature were the cause of the diminu-
tion during that time one should expect the gazelles 
to have become smaller but they did not presumably 
because environmental temperatures remained con-
stant during these millennia. Hence the size decline 
of the caprines, Sus and Bos, is more likely to reflect 
their change in status from hunted to husbanded. Pe-
ters suggests a probable date for sheep and goat do-
mestication of approximately 8450 cal BC (Peters et 
al., 2005; Peters, pers. comm.). 
That the mid 9th millennium BC saw sheep hus-
banded in the Near East is corroborated, if a little 
later, by the dates for the earliest remains of sheep 
on the island of Cyprus. This island has been isolat-
ed from the mainland for some five million years 
since the Messinian salinity crisis (Hsü et al., 1973). 
And prior to Neolithic human colonisation, Cyprus 
was populated by a strange endemic fauna of pyg-
my hippopotamus and pygmy elephant (Forsyth 
Major, 1902; Bate, 1903, 1906; Boekschoten & 
Sondaar, 1972). The early, but not the earliest, hu-
man colonisations of this island saw the shipment of 
sheep as well as other livestock, from the mainland. 
This act, like the changes reported in the Upper Eu-
phrates-Tigris basin, provides an early date for the 
domestication of sheep: it is reasonable to suppose 
that it was domesticated or tamed animals rather 
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than their wild relatives that were transported. In 
‘phase ancienne B’, dated between 8000 and 7900 
cal. BC at one of these early Cypriot sites, Shill-
ourokambos, Jean-Denis Vigne has identified the 
earliest remains of sheep in Cyprus (Vigne, 2011; 
Vigne et al., 2011 and pers. comm.). These finds of 
sheep bones beyond the natural range of distribution 
of this animal provide a sure sign that they had al-
ready been domesticated. Thus we now have dates 
of 8450 cal. BC from the Upper Euphrates-Tigris 
basin and 8000-7900 cal. BC from Cyprus. Thus 
these dates along with ours from Lameiras allow us 
to estimate ovine velocity in prehistoric times.
We shall assume then that sheep were domes-
ticated in the mid 9th millennium cal. BC in the 
Near East. This date is some three millennia be-
fore the Early Neolithic in the southern Iberian 
Peninsula and the direct radiocarbon dates of c. 
5450 cal BC obtained on the four Early Neolithic 
sheep bones from Lameiras (see above), as well 
as those of 5500-5250 BC from Caldeirão cave 
(Zilhão, 2000) – the earliest domesticated sheep 
in Portugal known so far and a mere two centuries 
after the first appearance of the Early Neolithic in 
Languedoc (Rowley-Conwy et al., 2013). Given 
that the ancestors of our Portuguese sheep came 
from the Near East and with the dates at hand we 
can calculate approximately how long it took for 
sheep to walk overland from east to west. A ter-
restrial route of some 4877 km (this distance was 
calculated in a very arbitrary manner from Aleppo 
to Sintra via Istanbul, Tirana, Zagreb, Marseilles, 
Valencia, Málaga and Ayamonte) and a difference 
of some 3000 years would mean sheep travelled 
at a speed of 1,6 kilometres per year! As Zilhão 
(2000) points out, this is considerably faster than 
the 1 km per year proposed by Ammerman & Ca-
valli-Sforza (1984) in their “Wave of Advance” 
model. [Further calculations based upon a consid-
erably larger number of dated sites were made by 
Pinhasi et al. (2005) who suggested that agricul-
ture spread across Europe at a rate of between 0,6 
and 1,3 km per year.] Such a rapid spread of sheep 
(i.e., the Neolithic ‘package’ or way of life) means 
that sheep and the Neolithic peoples may well have 
come to the southern part of the Iberian Peninsu-
la in boats (Zilhão, 2000) - the ‘maritime pioneer 
model’. A similar line of reasoning was made by 
Rowley-Conwy et al. (2013) in their discussion of 
the evidence for the first appearance of domestic 
animals in Italy, Istria, the Tyrrhenian islands and 
southern France. They note the lack of any sign of 
continuity between the Mesolithic and the Early 
Neolithic in these regions and also the rapid spread 
of the Neolithic in southern Greece (6400 – 6000 
cal BC) to southern Italy (6000 – 5700 cal BC) to 
Sardinia/Corsica as well as Languedoc (5700/5600 
cal BC). They also suggest that initial forays by 
colonising farmers were made by sea and that the 
numerous islands of this region served as stepping 
stones for maritime transfers enabling Neolithic 
peoples to leapfrog hunter-gatherer enclaves in 
eastern Liguria and the Rhône delta. Isern et al. 
(2017) note that the abundance of reliable radio-
carbon dates on Early Neolithic European materi-
als done in the last 15 years corroborate the ‘mar-
itime pioneer model’ and in their modelling of the 
spread of the Early Neolithic in the western Med-
iterranean they show that “sea travel is required 
to obtain reasonable predictions with a minimum 
sea-travel range of 300 km per generation. They 
also suggest that the Neolithic was spread via 
leapfrog coastal dispersal. That people were nav-
igating the sea in those early times is attested by 
colonisation of Mediterranean islands like Cyprus 
in the first half of the 9th millennium BC and even 
earlier transport of obsidian from the island of Mi-
los in the Cyclades to Franchthi cave in Argolis, 
Greece (Dixon & Renfrew, 1973).
Thus the dates we have from Lameiras at the 
very least provide corroborative evidence for the 
early presence here in southern Portugal of sheep 
and the possibility that they were shipped to coastal 
Portugal rather than having had to have been shep-
herded across the Iberian Peninsula by a land route 
or around the southern Iberian coastal regions.
And what happened elsewhere in the Iberian 
Peninsula? Besides the dog, domesticated animal 
remains have not been reported from before the 
last third of the fourth millennium BC in Navarre 
and País Vasco, while in Alto Aragón there is ev-
idence for domesticated food animals dated to c. 
4820 – 4170 BC (Castaños, 1995). Zilhão (2000) 
concluded that there are no signs of food produc-
tion in northern Spain securely dated to a time be-
fore c. 4100 BC. We can therefore suppose that it 
took over a thousand or even more years for sheep 
to cross (or circumnavigate) the Iberian Peninsula! 
Taking, again rather arbitrarily, the distance from 
Lameiras to Bilbao – some 700 kilometres, sheep 
crossed the Iberian Peninsula at a rather slow rate 
of a mere 0,3 kilometres per year. This ‘velocity’ 
stands in marked contrast to the speed with which 
sheep traversed southern Europe from the Near 
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East to Lameiras suggested above of 1,6 kilome-
tres per year! It is possible that the dates we have 
so far from northern parts of the Iberian peninsula 
are not the earliest, but for the time being it seems 
the east-west spread of domesticated animals was 
considerably faster than their spread north. These 
differences in the speed of the Neolithic spread, as 
Fort (2015) points out in his mathematical mod-
elling of the Neolithic transition in Europe, may 
reflect the predominance of demic diffusion from 
east to west and cultural diffusion from south to 
north. A factor he also mentions that could have 
aided rapid spread of agriculture across southern 
Europe and hindered its transmission towards the 
north is the degree to which Near Eastern crop 
plants were able to adapt to environmental con-
ditions in more northern latitudes (see Cockram 
et al., 2007). Perhaps also the peoples inhabiting 
northern Iberia simply had no need to husband 
food animals in the sixth and fifth millennia BC 
as Rowley-Conwy (1984) suggested for northern 
Germany versus Denmark: he noted that Band-
keramic farmers reached north central Germany 
around 4500 BC but the Danes with their Meso-
lithic Ertebølle culture did not adopt agriculture 
for another thousand years. Most Ertebølle people 
were settled, and coastal resources played a large 
role in their subsistence. Rowley-Conwy suggests 
that foraging was at least as attractive as farming, 
with oysters filling a vital gap in the seasonally 
available resources in the spring. So why then did 
agriculture suddenly appear a thousand years lat-
er? Towards the end of the fourth millennium BC, 
sea level and coastline changes in Scandinavia led 
to a fall in the salinity of the sea in western Den-
mark, below that tolerated by the oyster. Ertebølle 
hunter-gatherers would have had to contend with 
intermittent ecological crises. And these led to the 
eventual need to adopt farming. Were people in 
southern Portugal forced to switch from hunting to 
husbanding in the sixth millennium BC and people 
further north did not face this need until consider-
ably later? These changes were, it has been sug-
gested, the result of increasingly scarce terrestrial 
food resources due to increased demographic pres-
sure which initially led to a shift to hunting smaller 
animals, birds and fish and subsequently the need 
to take control of food sources by husbanding 
animals (Flannery, 1969; Davis, 1985; Munroe, 
2001; Davis, 2005; Davis & Detry, 2013). In other 
words ‘need was the mother of invention’ (Bose-
rup, 1965).
If indeed the newly arrived Neolithic people 
came by sea, one should wonder about the nature 
of the boats they used. They must have been suffi-
ciently large to accommodate livestock and allow 
them to stand and perhaps even move about. This 
may have been safer than tying them in the bottom 
of a boat as is often done for deer during maritime 
voyages in the Andaman Islands today (Clutton 
Brock, 1981: figure 18.6). As Vigne (2014) has 
pointed out, after lying down for 3-4 hours without 
moving, ruminants suffer from what is known as 
“downer cow syndrome” leading to ischemic ne-
crosis of the hind limbs and other disorders.
We need also to inquire whether the Early Neo-
lithic at Lameiras included all the main domes-
ticated species or just sheep and goat – smaller 
ruminants that may have been easier to transport 
standing up and moving around the deck of a boat. 
For the arrival of domestic cattle and pigs was it, 
for example, necessary to wait until the end of 
the Neolithic? Figure 23 shows quite clearly that 
most of the Early Neolithic Sus humeri are very 
small and therefore belonged to pigs rather than 
wild boar. Unfortunately there are few diagnos-
tic bones of Bos in the Early Neolithic providing 
a clear distinction between wild and domestic 
forms. But the two distal metatarsals (one has 
both condyles and the other only one; Appendix 
A) are more likely to have belonged to cattle than 
aurochsen (see Figure 30). Moreover, the meta-
tarsal with both condyles joined, has a distal 
width (BFd) of 54,0 mm. This falls well within 
the measurements of domestic Bos metatarsals 
from Chalcolithic and later times in Portugal and 
is considerably smaller than an aurochs metatarsal 
from Mesolithic Cabeço da Pez whose BFd mea-
sures 77,4 mm. According to Driesch & Boess-
neck (1976) the BFd values for cattle metatarsals 
range from 52 to 64,5 mm while aurochsen range 
from 66,5 to 76 mm. Hence using the Zambujal 
collection as a benchmark, we can again presume 
that the Early Neolithic Bos metatarsal from Lam-
eiras belonged to a domestic animal and not the 
aurochs. Therefore it appears likely that the Ear-
ly Neolithic farmers at Lameiras, like their later 
Neolithic descendents, herded cattle and pigs as 
well as sheep and goat. Did the Early Neolithic 
sailors manage to transport cattle and pigs as well 
as sheep and goats? The answer to this question 
does seem to be yes. And this would also mean 
that nautical engineering here 7500 years ago was 
already in quite an advanced state.
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FISH
Where the fish are concerned, the location of 
the site, 143 m above sea level and some 10 km 
from the coast, excludes the possibility that we are 
dealing with the remains of natural death events, 
while the presence of burned bone and intention-
ally modified vertebrae prove interference by hu-
mans. It is possible to ascribe the Early Neolithic 
fish assemblage to two major taphonomic groups 
(sensu Gautier, 1987): a) consumption refuse and 
b) workshop/manufacture use.
The small numbers of remains that characterize 
the fish assemblages makes it difficult to evaluate 
the possible presence of more or less complete 
skeletons and the manner in which fish were pro-
cessed. The presence of sardines is also difficult 
to interpret. They are present in small numbers 
and may well come from contemporary intrusives 
brought to the site in the stomach contents of pred-
atory fish such as sharks and meagre.
Although the image of fish procurement could 
be biased by taphonomic pathways and even the 
archaeologists’ own making (i.e, ability to recog-
nize fish remains as such), something can be said 
about the exploitation of aquatic biotopes and fish 
use during the Early Neolithic. 
Biotope exploitation and fishing.
All the identified fish bones from Lameiras are 
marine and estuarine, indicating the exploitation of 
the coastal realm. It is interesting to note the asso-
ciation of sharks, croackers and bluefish. These all 
prey on schools of fish like sardines and mullets 
that are also represented in the assemblage. Fish 
diversity thus suggests the exploitation of coastal 
benthopelagic realms (i.e., near the bottom as well 
as in midwaters or near the surface), where the por-
gies too could have been caught.
Reconstructing how fishing was organised 
during the Early Neolithic is also difficult, since 
FIGURE 30
Medial condyles of Bos metatarsals from the Early Neolithic (EN) and Late Neolithic (LN) at Lameiras compared to Portuguese Chalco-
lithic to 15th century AD cattle. This is a plot of the depth of the medial trochlea (DEM) against the width of the medial condyle (WCM). 
Both the Early and the Late Neolithic Bos metatarsals fall among the domesticated animals and so probably belonged to cattle rather 
than aurochsen. 
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fishing gear is completely absent - presumably not 
preserved. Hence only the fish remains themselves 
can offer some basis for speculation. If no bias 
was introduced during excavation, favouring the 
recovery of larger specimens, we suggest that peo-
ple from Lameiras sought medium/large sized fish 
rather than small ones, possibly using more than 
one kind of gear: fish traps, nets, hooks and spears 
(the last only for the larger species).
Few Mesolithic and Neolithic sites with fish re-
mains are known in Portugal. The fish assemblages 
reported so far include some 8808 remains from 11 
sites. These are Early Mesolithic Toledo and Vale 
de Frade (Gabriel, 2011; Araújo et al., 2014); Late 
Mesolithic Cabeço da Amoreira (Tagus), Cabeço 
da Arruda (Lentacker, 1986, 1994), Arapouco, 
Cabeço das Amoreiras (Sado), Poças de São Ben-
to, Samouqueira, Fiais (Gabriel et al., 2012; Gabri-
el, 2015) and Vidigal (Le Gall et al., 1992, 1994); 
Neolithic Barrosinha (Gabriel, 2015) (Figure 1).
Fish assemblages found in Cabeço da Amoreira 
(N = 2724), Barrosinha (N = 1960), Arapouco (N 
= 1895), Samouqueira (N = 902) and Vidigal (N = 
465) are the most abundant, with higher fish fre-
quencies. These sites span the Late Mesolithic and 
Neolithic suggesting that fish are worth consider-
ing in the food economy of both periods.
Except for Cabeço da Arruda, Cabeço da 
Amoreira (Tagus), Arapouco and Vidigal, where 
freshwater environments were also exploited, most 
fish found at these sites belonged to marine species. 
As in Lameiras, the most frequent taxa in most of 
these samples were sparids and sharks, as well 
as some mullets and croackers suggesting simi-
lar technology/methods of fishing. It is likely that 
the sardines at Lameiras probably reflect the more 
careful recovery methods used when Lameiras was 
excavated. 
Secondary uses of fish.
The occurrence of sharks in the marine environ-
ment has made them an attractive and intriguing 
resource for numerous maritime societies. Sharks 
are rich in protein, vitamin A, and oil (Olsen, 1999) 
and have been identified in coastal archaeologi-
cal sites around the world where they were used 
for food and other purposes including their teeth, 
spines and vertebrae to produce fish hooks, weap-
ons, and ornaments (Rick & Erlandson, 2002).
The shark assemblage found in Lameiras is 
especially interesting, as it shows the intention-
al transformation of their skeletal remains, most 
probably to produce ornaments.
CONCLUSIONS
The dominant species of medium – large-sized 
mammal in the Early Neolithic of Lameiras is the 
sheep. Its identification is confirmed both morpho-
logically on the basis of characters on the last milk 
molar tooth, the distal humerus and the distal meta-
carpal, the astragalus and terminal phalanx; and 
metrically on the basis of the shape of the distal 
metacarpal and the astragalus.
Direct 14C dates were obtained on five of the 
sheep bones – four distal humeri and one distal 
metacarpal. Four (three humeri and the metacar-
pal) date clearly to the Early Neolithic and three 
of these (two of the humeri and the metacarpal) 
belong to the mid 6th millennium BC which rep-
resents the very beginning of the Early Neolithic 
of Portugal. Thus domestic sheep arrived here in 
the far west of Europe some three millennia after 
their initial domestication in the Near East – almost 
5000 km away – at a velocity of some 1,6 km per 
year. This provides further corroboration of a rap-
id spread of husbanded livestock – substantially 
faster than Ammerman & Cavalli-Sforza (1984) 
hypothesised for an overland ‘wave of advance’. 
Hence sheep may well have been shipped for part 
or the entire journey as Zilhão (2001) and others 
have suggested.
A consideration of the Lameiras Neolithic fauna 
within the southern Portuguese late Pleistocene – 
Holocene succession of mammals suggests that the 
switch to animal husbandry was sudden and that, at 
least at Lameiras, hunting of mammals and fishing 
was only continued on a very small scale. Whether 
local hunter-gatherers leading a Mesolithic lifestyle 
rapidly changed their way of life and obtained/
purchased domesticated livestock, or were driven 
out of the land by incoming farmers remains to be 
seen. Perhaps the truth lies somewhere in between.
It is likely, given the high proportion of slaugh-
tered young, that the caprines, pigs and cattle were 
kept for their slaughter products such as meat, 
fat and skins rather than (at least for the caprines 
and the cattle) being maintained for wool/hair, 
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milk and power. For a substantial change in the 
pattern of animal husbandry we have to wait un-
til the Chalcolithic when, at Penedo de Lexim for 
example, a shift occurred and more of the caprines 
were slaughtered when mature (Davis & More-
no-García, 2007).
The metrical data for the Canis, Bos, Capra, 
Ovis and Sus at Lameiras when placed amongst the 
late Pleistocene-Holocene sequences for these taxa 
confirm the small size and therefore domesticated 
status of most (even all) of the bones of these taxa 
at Lameiras.
If no recovery bias occurred during the excava-
tion of Lameiras, then we can propose that the fish 
procured were mainly mid-large size marine spe-
cies like sparids and sharks.
It is hoped that these descriptions that we present 
of the animal remains from Lameiras will serve fu-
ture studies of the Neolithic in the Iberian Peninsula.
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APPENDIX A. LAMEIRAS BONE MEASUREMENTS ASTRAGALUS 
Bone Taxon Period Fus GL Bd Dl Notes Sector UE Ambiente
Astragalus Bos Late Chalcolithic - 638 387 346 - Sul 3-IV -
Astragalus Bos Late Neolithic - - 391 - Dl = 33-34 estimated Sul 63 H2-B
Astragalus Bos Late Neolithic - 607 370 338 - Sul 78 G3D
Astragalus Bos Late Neolithic - 698 430 382 all msmnts. approx. Sul 78 H3C
Astragalus Bos Late Neolithic - 721 462 388 Small aurochs? Sul 74 L4C
Astragalus Bos Evolved Early Neolithic - - 420 - GLl = approx. 700 Bd = approx. Dl = 380-390 Sul 103
K4D/L4C/
L4D
Astragalus Bos Evolved Early Neolithic - 644 395 354 - Sul 103 L3B/L3D
Astragalus Capra hircus Early Neolithic - 300 187 155 definite Capra Sul 100 K3C/K3A
Astragalus Capra hircus? Late Neolithic - - 163 - - Sul 73 J3D
Astragalus Capra hircus? Late Neolithic - - 171 - Bd = approx. Sul 63 H3-D
Astragalus Capra hircus? Evolved Early Neolithic - - 175 - - Sul 107 N4C/M4D
Astragalus Capra hircus? Early Neolithic - - 178 154 GLl = 284 - estimated - 37-2 L20-L21
Astragalus Capra hircus? Early Neolithic - - 181 - - Sul 53 M3B
Astragalus Oryctolagus Evolved Early Neolithic - 102 - - - Sul 107 N4C/M4D
Astragalus Oryctolagus Evolved Early Neolithic - 109 - - - Sul 107 N4C
Astragalus Oryctolagus Early Neolithic - 100 - - - JK17-18 39 7
Astragalus Oryctolagus Early Neolithic - 113 - - - M21 27 2
Astragalus Oryctolagus Mousterian - 112 - - - Sul 136 N4A
Astragalus Ovis aries Late Neolithic - 273 179 157 - Sul 68 M3C
Astragalus Ovis aries Late Neolithic - 276 - 154 GLl = approx. Sul 71 K4D
Astragalus Ovis aries Late Neolithic - 289 178 157 definite Ovis Sul 73 J2A
Astragalus Ovis aries Late Neolithic - 291 186 167 - Corte E-O UC4 II M4
Astragalus Ovis aries Late Neolithic - 309 195 172 definite Ovis Corte E-O 4 III P4
Astragalus Ovis aries Evolved Early Neolithic - 270 173 154 - Sul 52 P4
Astragalus Ovis aries Evolved Early Neolithic - 296 195 171 - Sul 103 K3D/K3B
Astragalus Ovis aries Evolved Early Neolithic - 311 203 174 - Sul 52 P3B
Astragalus Ovis aries Early Neolithic - 273 186 160 definite Ovis E9 10-3 -
Astragalus Ovis aries Early Neolithic - 292 186 163 slightly burnt Sul 53 L4D
Astragalus Ovis aries Early Neolithic - 306 200 180 definite Ovis E9 10-6 -
Astragalus Ovis aries Early Neolithic - 308 189 170 - L20/M20 26 5
Astragalus Ovis aries Early Neolithic - 313 199 174 Dl = approx., definite Ovis M21 27 2
Astragalus Ovis aries Early Neolithic Juv 275 169 154 Bd = approx. L20 26 1
Astragalus Ovis aries? Late Neolithic - 234 150 136 Dl = approx. Sul 71 L3B
Astragalus Ovis aries? Late Neolithic - 253 174 144 - Sul 78 H3A
Astragalus Ovis aries? Late Neolithic - 307 194 171 - Sul 78 H3B
Astragalus Ovis aries? Evolved Early Neolithic - - 180 - - Sul 52 M4
Astragalus Ovis aries? Evolved Early Neolithic - 295 189 167 - Sul 75 K3C
Astragalus Ovis aries? Evolved Early Neolithic - 297 196 167 - Sul 103 K4D/L4C/L4D
Astragalus Ovis aries? Evolved Early Neolithic - 307 194 170 - Sul 52 N4
Astragalus Ovis aries? Early Neolithic - - 195 - - M20 26 -
Astragalus Ovis aries? Early Neolithic - 267 185 151 - M21 27 2
Astragalus Ovis aries? Early Neolithic - 298 188 172 - JK17-18 39 2
Astragalus Ovis/Capra Late Neolithic - 271 167 149 - Sul 63 -
Astragalus Ovis/Capra Late Neolithic - 290 176 164 Bd = approx. Sul 71 L4D
Astragalus Ovis/Capra Late Neolithic - 294 - 168 - Sul 68 J2A
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Astragalus Ovis/Capra Late Neolithic - 319 207 181 Dl = approx. Sul 68 M4D
Astragalus Ovis/Capra Evolved Early Neolithic - 264 - 148 Bd = 175-180 damaged Sul 75 M3A
Astragalus Ovis/Capra Early Neolithic - 166 - - Sul 53 M4C
Astragalus Ovis/Capra Early Neolithic - 187 - - J-K/17-18 39 2
Astragalus Ovis/Capra Early Neolithic - 278 177 152 Capra? Sul 53 M3C
Astragalus Ovis/Capra Early Neolithic - 283 182 166 - Sul 53 P4C
Astragalus Ovis/Capra Early Neolithic - 295 179 164 - Sul 53 M3C
Astragalus Sus Late Neolithic - 334 - - - Sul 73 K3B
Astragalus Sus Late Neolithic - 376 - - - Sul 73 J2A
Astragalus Sus Late Neolithic - 382 - - - Sul 74 L4C
Astragalus Sus Late Neolithic - 384 - - - Sul 71 L4D
Astragalus Sus Late Neolithic - 423 - - - Sul 68 M4C
Astragalus Sus Evolved Early Neolithic - 392 - - - Sul 103 L4C
Astragalus Sus Evolved Early Neolithic - 400 - - - Sul 103 K4D/L4C/L4D
Astragalus Sus Evolved Early Neolithic - 406 - - - Sul 52 P4N4
Astragalus Sus Evolved Early Neolithic - 432 - - - Sul 107 N3A/N3B
Astragalus Sus Evolved Early Neolithic - 450 - - - Sul 103 L4C
Astragalus Sus Early Neolithic - 378 - - - M20 26 3
Astragalus Sus Early Neolithic - 397 - - - - 33 E9/E10
Astragalus Sus Early Neolithic - 413 - - - J17 39 4
Astragalus Sus Early Neolithic - 443 - - - Sul 53 L4D
Astragalus Sus Early Neolithic - 445 - - - E10 7/8 -
Astragalus Sus Early Neolithic - 447 - - - Sul 100 K3C/K3A
APPENDIX TABLE
Lameiras – measurements in tenths of a millimetre of the astragali. Key: taxa are Bos – Bos taurus/primigenius cattle/aurochs, Capra 
hircus goat, Oryctolagus cuniculus rabbit, Ovis aries sheep, Sus pig/wild boar. Measurements follow Driesch (1976). Approximate mea-
surements are noted in the “notes” column. The lengths “GL” are taken up the lateral side.
154 SIMON DAVIS, SÓNIA GABRIEL & TERESA SIMÕES 
Archaeofauna 27 (2018): 93-172
APPENDIX A. LAMEIRAS BONE MEASUREMENTS HUMERUS + TIBIA + FEMUR 
Bone Taxon Period Fus GL Bd Dd BT HTC Notes Sector UE Ambiente
Femur Lepus Early Neolithic F - 188 - - - - JK17-18 39 8
Humerus Bos Late Neolithic F - - - - 319 - Sul 73 K3D
Humerus Capra hircus Late Chalcolithic F - - - 275 127 BT = approx. Sul 4 N3A
Humerus Capra hircus Late Neolithic Fv - - - 259 119 BT = approx. Sul 68 M3B
Humerus Capra hircus Early Neolithic Fv - - - 258 131 spongy, prob. juvenile L20/M20 26 8
Humerus Capra hircus? Late Neolithic F - - - - 146 - Sul 68 J3D
Humerus Capreolus Late Neolithic F - - - 241 143  - Sul 73 K3D
Humerus Felis silvestris Early Neolithic F - 180 - - 57 - J17 39 4
Humerus Lepus Late Neolithic F - 110 - - 57 - Sul 74 J4C
Humerus Lepus Early Neolithic F - 106 - - 57 - E9/E10 33 -
Humerus Oryctolagus Late Chalcolithic F - 82 - - 40 - Sul 3 L3A
Humerus Oryctolagus Late Neolithic F - - - - 36 - Sul 86 G3B
Humerus Oryctolagus Late Neolithic F - - - - 37 - Sul 68 M3B
Humerus Oryctolagus Late Neolithic F - 77 - - 34 - Sul 68 K3B
Humerus Oryctolagus Late Neolithic F - 83 - - 38 - Sul 73 M3
Humerus Oryctolagus Evolved Early Neolithic F - 79 - - 35 - Sul 107 N4C/N3A
Humerus Oryctolagus Evolved Early Neolithic F - 79 - - 37 - Sul 94 M3C
Humerus Oryctolagus Evolved Early Neolithic F - 79 - - 42 - Sul 103 K4D/L4C/L4D
Humerus Oryctolagus Evolved Early Neolithic F - 81 - - 36 - Sul 52 N4D
Humerus Oryctolagus Evolved Early Neolithic F - 82 - - 39 - Sul 85 L4D
Humerus Oryctolagus Evolved Early Neolithic F - 86 - - 38 - Sul 52 N4D
Humerus Oryctolagus Early Neolithic - - 87 - - 41 - M21 27 5
Humerus Oryctolagus Early Neolithic F - - - - 39 - J-K17/18 39 1
Humerus Oryctolagus Early Neolithic F - 80 - - 38 - Sul 53 P3B
Humerus Oryctolagus Early Neolithic F - 81 - - 41 - E9 7/8 -
Humerus Oryctolagus Early Neolithic F - 82 - - 39 - Sul 53 -
Humerus Oryctolagus Early Neolithic F - 83 - - 40 - Sul 53 P4
Humerus Oryctolagus Early Neolithic F - 89 - - 39 - Sul 53 N3A
Humerus Oryctolagus Mousterian ? - - - - 45 - Sul 136 N4A
Humerus Oryctolagus Mousterian F - 82 - - 41 - Sul 6 M4
Humerus Ovis aries Late Chalcolithic F - - - 282 140 - N4 4 -
Humerus Ovis aries Late Neolithic F - - - 287 134 BT = approx. Sul 68/63 G3A
Humerus Ovis aries Late Neolithic F - - - 296 148 - Sul 71 L4C
Humerus Ovis aries Early Neolithic F - - - 276 136 - Sul 53 P3B
Humerus Ovis aries Early Neolithic F - - - 279 135 - M21 27 2
Humerus Ovis aries Early Neolithic Fv - - - 279 137 - Sul 53 M4
Humerus Ovis aries? Late Neolithic F - - - 313 152 - Sul 74 J4C
Humerus Ovis aries? Late Neolithic F - - - 317 164 - Sul 71 L4C
Humerus Ovis aries? Late Neolithic F - - - 318 161 both msmnts = approx. Corte E-O UC4 II M4
Humerus Ovis aries? Late Neolithic Fv - - - 264 135 BT = approx. Corte E-O 4 III M4
Humerus Ovis aries? Evolved Early Neolithic F - - - 260 131 - Sul 52 N4C
Humerus Ovis aries? Evolved Early Neolithic F - - - 283 138 - Sul 52 P3B
Humerus Ovis aries? Early Neolithic F - - - 271 136 - Sul 53 L3B
Humerus Ovis aries? Early Neolithic F - - - 288 144 - Sul 53 L4D
Humerus Ovis/Capra Late Neolithic - - - - 311 151 - Sul 78 H3C
Humerus Ovis/Capra Late Neolithic ? - - - 294 148 BT = approx. - 4 III N4
Humerus Ovis/Capra Late Neolithic F - - - - 134 - Sul 68 K3D
Humerus Ovis/Capra Late Neolithic F - - - 302 145 - - 4 III M4
Humerus Ovis/Capra Late Neolithic F - - - 304 149 - - 4 III P4
Humerus Ovis/Capra Late Neolithic F? - - - 275 135 - Sul 66 K4C
Humerus Ovis/Capra Evolved Early Neolithic ? - - - - 131 - Sul 75 J2A
 ANIMAL REMAINS FROM NEOLITHIC LAMEIRAS, SINTRA 155
Archaeofauna 27 (2018): 93-172
Bone Taxon Period Fus GL Bd Dd BT HTC Notes Sector UE Ambiente
Humerus Ovis/Capra Early Neolithic - - - - 287 144 BT = approx. E10 7/8 -
Humerus Ovis/Capra Early Neolithic F - - - - 126 - Sul 53 M4
Humerus Ovis/Capra Early Neolithic Fv - - - 279 154 - Sul 53 M4
Humerus Sus Late Neolithic F - - - - 167 - - 82 H4D
Humerus Sus Late Neolithic F - - - 280 180 - Sul 78 G3D
Humerus Sus Late Neolithic F - - - 293 189 - Sul 68 J2A
Humerus Sus Late Neolithic F - - - 316 185 - Sul 68 M3D
Humerus Sus Evolved Early Neolithic F - - - - 190 - Sul 95 G3D
Humerus Sus Early Neolithic F - - - 287 187 - Sul 53 N3A
Humerus Sus Early Neolithic Fv - - - 310 215 suture very visible M21 27 2
Humerus Sus Early Neolithic UE - - - 281 186 - Sul 53 -
Humerus Sus Early Neolithic UE - - - 281 204 - E9 7/8 -
Humerus Sus Early Neolithic UE - - - 289 198 - J17 39 -
Humerus Sus Early Neolithic UE - - - 291 192 - M21 27 2
Humerus Sus Early Neolithic UE - - - 320 209 - Sul 53 N3
Humerus Vulpes vulpes Early Neolithic F 1139 199 - - 77 GLC = 1113 L20 26 -
Tibia Bos Late Neolithic F - 580 426 - - - Sul 68 M4D
Tibia Bos Late Neolithic F - 680 - - - Bd = approx Sul 68 K3A
Tibia Bos Late Neolithic UE - 525 - - - Bd = approx 52 - 53 mm Sul 68 M4D
Tibia Capreolus? Early Neolithic F - 262 - - - - Sul 125 K3D/K3B
Tibia Cervus elaphus Late Neolithic F - 417 294 - - - Sul 68 J3/J4
Tibia Oryctolagus Late Neolithic F - 106 - - - - Sul 68 L3C
Tibia Oryctolagus Late Neolithic F - 114 - - - - Sul 68 L3C
Tibia Oryctolagus Late Neolithic F - 118 - - - - Sul 68 M4C
Tibia Oryctolagus Early Neolithic F - 106 - - - - E9 10 -
Tibia Oryctolagus Early Neolithic F - 110 - - - - J-K17/18 39 3
Tibia Oryctolagus Early Neolithic F - 111 - - - - J17/K17 39 1
Tibia Oryctolagus Mousterian F - 121 - - - large - perhaps small hare? Sul 149 N4A/N5C
Tibia Sus Late Neolithic F - 272 224 - - - Sul Corte EO UC 4 II M4
Tibia Sus Late Neolithic Fv - 269 - - - - Sul 73 K3D
Tibia Sus Late Neolithic UE - 291 - - - - Sul 73 J3D
Tibia Sus Evolved Early Neolithic F - 314 - - - - Sul 101 K3D/K3B
Tibia Sus Early Neolithic UE - 273 - - - - E9 10 -
Tibia Sus Early Neolithic UE - 307 - - - - J17 39 4
Tibia Sus Early Neolithic UE - 309 - - - - Sul 53 M3C
APPENDIX TABLE
Lameiras - measurements in tenths of a millimeter of the humeri, tibiae and a femur. Key: Fus = state of epiphysial fusion (F fused, UE 
unfused, Fv fused but with suture still visible). The taxa are: Bos – Bos taurus/primigenius cattle/aurochs, Capreolus capreolus roe deer, 
Capra hircus goat, Cervus elaphus red deer, Oryctolagus cuniculus rabbit, Lepus hare, Ovis aries sheep, Sus pig/wild boar. Measurements 
follow Driesch (1976) and Davis (1996). Approximate measurements are noted in the “notes” column. 
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APPENDIX A. LAMEIRAS BONE MEASUREMENTS METAPODIALS 
Bone Taxon Period Fus GL Bd Dd WCM DEM WCL DEL SD Notes Sector UE Ambiente
Metacarpal Bos Late Neolithic F - 640 336 297 242 307 260 - Dd = approx. Sul 68 K3A
Metacarpal Bos Late Neolithic F - 724 401 353 316 332 291 - Dd = approx. Sul 78 H3A
Metacarpal Bos Late Neolithic F 1913 568 302 274 234 271 220 304 BatF = 497 SD = approx. Sul 74 J4C
Metacarpal Bos Evolved Early Neolithic UE - 633 372 288 276 285 256 - - Sul 52 N4C
Metacarpal 
half Bos Late Neolithic F - - - 244 201 - - -
medial or lateral 
condyle measured Sul 73 L3A




hircus Late Neolithic F - - - 120 84 - - -
medial or lateral 






Neolithic UE - - - 150 114 - - -
medial or lateral 






hircus Early Neolithic UE - - - 132 105 - - -
medial or lateral 




hircus Late Neolithic UE - - - 113 85 - - -
medial or lateral 




hircus Early Neolithic UE - - - 110 97 - - -
medial or lateral 




hircus? Early Neolithic Fv - - - 123 115 - - -
medial or lateral 
condyle measured Sul 110 M3A/M3C
Metacarpal Ovis aries Early Neolithic F - - - 109 97 - - - - Sul 53 M3A
Metacarpal Ovis aries Early Neolithic F - 244 153 117 108 112 105 - Dd = approx. 
definite sheep
Sul 53 N4D
Metacarpal Ovis aries Early Neolithic UE - 215 140 104 101 105 94 - - E9 10-6 -




Neolithic Fv - - - 123 110 - - -
medial or lateral 
condyle measured Sul 52 M4D
Metacarpal 
half Ovis aries? Early Neolithic UE - - - 119 111 - - -
medial or lateral 
condyle measured Sul 108 N3C
Metacarpal 
half Ovis/Capra Early Neolithic UE - - - 107 100 - - -
medial or lateral 
condyle measured E9 10-6 -
Metatarsal Equus ?caballus Late Chalcolithic F 2489 461 346 - - - - 292
Bp = 450 Ll = 
2459 Sul 4 N4
Metapodial Equus Late Chalcolithic F - 302 - - - - - -
v. small - E.?hy-
druntinus Bd = 
approx.
Sul 3 J3
Metatarsal Bos Late Neolithic F - 517 313 250 229 235 211 - - Sul 68 M4C
Metatarsal Bos Late Neolithic F - 589 320 277 238 267 226 - condyles medial or lateral unclear Sul 73 K3C
Metatarsal 
half Bos Early Neolithic F - - - 319 257 - - -
estimated BFd = 
73mm Sul 53 M4C
Metatarsal Bos Early Neolithic F - 540 333 261 250 254 232 - - E9 10-2 -
Metatarsal Ovis aries Early Neolithic F - 234 150 - - - - - Dd = approx. Sul 118-2 L4D/L3B
Metatarsal Ovis aries Early Neolithic F - 248 164 - - - - - Dd = approx. Sul 125 K3D/K3B
Metatarsal Ovis aries? Early Neolithic UE - 287 179 - - - - - Bd = approx. M11/12 11 -
Metatarsal Ovis aries Evolved Early Neolithic - - 237 156 111 106 109 100 -
definite sheep pro-
bably metatarsal Sul 52 P3A
APPENDIX TABLE
Lameiras - measurements in tenths of a millimeter of the metapodials. Key: Fus = state of epiphysial fusion (F fused, UE unfused, Fv 
fused but with suture still visible). The taxa are: Bos – Bos taurus/primigenius cattle/aurochs, Equus ?caballus equid – probably horse, 
Capra hircus goat, Ovis aries sheep. Measurements follow Driesch (1976) and Davis (1996). Approximate measurements are noted in 
the “notes” column. 
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APPENDIX A. LAMEIRAS BONE MEASUREMENTS SCAPULA + RADIUS + CALCANEUM
Bone Taxon Period Fus GL Bd Dd SD SLC Notes Sector UE Ambiente
Calcaneum Felis silvestris Early Neolithic F 288 - - - - - J-K/17-18 39 2
Calcaneum Felis silvestris Early Neolithic F 290 - - - - - JK17-18 39 8
Calcaneum Lepus Late Neolithic F 287 - - - - - Sul 71 L4D
Calcaneum Oryctolagus Late Chalcolithic F 212 - - - - - Sul 3 -
Calcaneum Oryctolagus Late Chalcolithic F 212 - - - - - Sul 3 III -
Calcaneum Oryctolagus Late Neolithic F 192 - - - - - Sul 68 M4D
Calcaneum Oryctolagus Late Neolithic F 209 - - - - - Sul 86 H4D
Calcaneum Oryctolagus Early Neolithic F 197 - - - - - M20 26 3
Calcaneum Oryctolagus Early Neolithic F 205 - - - - - JK17-18 39 2
Calcaneum Oryctolagus Early Neolithic F 209 - - - - - E9 10-2 -
Calcaneum Oryctolagus Early Neolithic F 217 - - - - - E9 7/8 -
Calcaneum Oryctolagus Early Neolithic F 218 - - - - - M20 26 3
Calcaneum Ovis aries? Early Neolithic F 637 - - - - - L20/M20 26 5
Proximal 
phalanx Bos Early Neolithic F 704 299 227 258 - Bp = 314 J-K17 39 3
Scapula Bos Early Neolithic F - - - - 633 - L20 26 3
Scapula Oryctolagus Evolved Early Neolithic F - - - - 46 - Sul 103 L3B
Scapula Oryctolagus Early Neolithic F - - - - 42 - Sul 53 N4
Scapula Sus Late Neolithic - - - - - 218 - Sul 68 J2A
Scapula Sus Late Neolithic ? - - - - 229 - Sul 68 M3C
Scapula Sus Late Neolithic ? - - - - 231 - Sul 71 K4D
Scapula Sus Late Neolithic F - - - - 220 - Sul 73 K3D
Scapula Sus Late Neolithic F - - - - 224 - Sul 74 H4D
Scapula Sus Late Neolithic F - - - - 225 - Sul 68 M3B
Scapula Sus Evolved Early Neolithic F - - - - 253 - Sul 107 N4D
Scapula Sus Evolved Early Neolithic U - - - - 132 - Sul 103 L3B
Scapula Sus Evolved Early Neolithic U - - - - 252 - Sul 52 M4
Scapula Sus Early Neolithic F - - - - 264 - Sul 118 L4D/L3D
Scapula Sus Early Neolithic U - - - - 216 - M15/16 44 -
Ulna Accipiter Early Neolithic - 1125 - - - - Accipiter cf gentilis Bp = 134 J17 39 4
Radius Accipiter Early Neolithic - 1039 83 - - - - J17 39 4
Tarsome-
tarsus Buteo? Early Neolithic - - 137 - - - cf Buteo buteo JK17-18 39 4
APPENDIX TABLE
Lameiras - measurements in tenths of a millimeter of the scapulae, radii, calcanea, ulna, tarsometatarsus and a proximal phalanx. Key: 
Fus = state of epiphysial fusion (F fused, U unfused coracoid). The taxa are: Bos – Bos taurus/primigenius cattle/aurochs, Oryctolagus 
cuniculus rabbit, Ovis aries sheep, Sus pig/wild boar, Accipiter hawk, Buteo buzzard. Measurements follow Driesch (1976). 
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APENDIX A. LAMEIRAS TEETH - MSMNTS
Tax UE Tooth L1 L2 L3 Wa Wb Wc Wd notes
E. caballus 149 *P4 277 163 129 166 161 132 63 -
E. caballus 143 *M1 263 138 90 147 131 121 28 -
E. caballus 149 M1/2 250 c. 154 110 - - - 37 juv
E. caballus 136 M1/2 - 143 c. 108 141 129 c. 118 24 -
E. caballus 143 M3 339 144 104 135 126 115 30 -
E. caballus 5 M3 c. 325 c. 145 114 c. 150 144 128 22 -
E. caballus 5-143 M3 c. 305 137 114 128 118 100 46 -
APPENDIX B. LAMEIRAS CHALCOLITHIC TOOTH WEAR RAW DATA
Period Sector UE ambiente Tax dP4 P4 M1 M2 M3 M1/2 PS
CF Sul 3-IV Bos l?
CF Sul 3 III Bos P
CF Sul 3-IV Bos a/b
CF M4 4 Bos k
CF/LN Sul 62/66 J3/J2A Bos k
CF Sul 62 H3 Ovis/Capra 14
CF Sul 4 N3A Ovis/Capra 2
CF M4 4 Ovis/Capra 4
CF Sul 3 III Ovis/Capra 8/9
CF Sul 4 N3A Ovis/Capra 9
CF P4 4 Ovis/Capra 9
CF N4 4 Ovis/Capra 9
CF Sul 62 H3 Ovis/Capra 9?
CF Sul 62 H3 Ovis/Capra 9?
CF Sul 4 L3B Ovis/Capra 0
CF M4 4 Ovis/Capra 2 9 7 1 E
CF Sul 4 L3B Ovis/Capra P
CF Sul 3 Ovis? 18 or 19
CF Sul 3 III Sus a
CF Sul 3-IV Sus f
CF Sul 3 III Sus a
CF Sul 3-IV Sus d? a/b
APPENDIX TABLE
Wear stages of the mammal teeth at Lameiras - Chalcolithic. These follow Payne (1987) for sheep and goat, and Grant (1982) for cattle 
and pigs. “PS” denotes the Payne (1973) mandibular wear stages for more complete mandibles. “P” denotes the presence of a tooth whose 
wear stage was not determined or determinable.
APPENDIX TABLE
Lameiras - measurements in tenths of a millimetre of the Mousterian equid teeth taken as described in Davis (2002, figure 2). *The P4 from UE 149 and the M1 from UE 143 join and therefore belonged in the same mandible.
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APPENDIX B. LAMEIRAS EEN TOOTH WEAR RAW DATA
Period UE ambiente Tax dP4 P4 M1 M2 M3 M1/2 PS
EEN 75 K3C Bos e?
EEN 107 N4C Bos h
EEN 52 P3A Bos h?
EEN 52 P3A Bos k
EEN 75 K3C Bos b
EEN 103 L33 Bos f
EEN 52 P3A Bos a-c
EEN 52 M4 Capra? 14
EEN 52 P3A Capra? 18?
EEN 75 K3D Ovis/Capra 11?
EEN 53/52 P3A Ovis/Capra 12
EEN 107 N4C/N3A Ovis/Capra 15
EEN 103 L3D Ovis/Capra 9
EEN 75 L3D Ovis/Capra 9
EEN 52 P3A Ovis/Capra 9
EEN 52 P3A Ovis/Capra 9
EEN 52 P3B Ovis/Capra 9?
EEN 52 P3B Ovis/Capra 11
EEN 52 N4D Ovis/Capra 5
EEN 85 L4D Ovis/Capra 11 8/9
EEN 52 N4C Ovis/Capra 9 9
EEN 107 N4C/N4D/N3A/N3B Ovis/Capra 12
EEN 103 K4D/L4C/L4D Ovis/Capra 9
EEN 75 K3B Ovis 13
EEN 103 K4D/L4C/L4D Ovis? 13
EEN 103 K4D/L4C/L4D Sus a
EEN 75 J3D Sus e
EEN 103 L3B Sus a
EEN 52 P3A Sus c
EEN 52 P4N4 Sus d a
EEN 52 N4 Sus d b
APPENDIX TABLE
Wear stages of the mammal teeth at Lameiras – Evolved Early Neolithic. These follow Payne (1987) for sheep and goat, and Grant (1982) 
for cattle and pigs.
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APPENDIX B. LAMEIRAS EN TOOTH WEAR RAW DATA
Period Sector UE ambiente Tax dP4 P4 M1 M2 M3 M1/2 PS
EN M21 27 8 Bos k
EN K22 41 Bos l?
EN Sul 53 M4E Capra 13 0 B
EN Sul 113 N3A/N3C Ovis/Capra 1
EN Sul 53 N3A Ovis/Capra 10?
EN M21 27 2 Ovis/Capra 12-15
EN L20 26 4 Ovis/Capra 5
EN Sul 53 N4 Ovis/Capra 6
EN L20/M20 26 8 Ovis/Capra 7
EN J17/K17 39 2 Ovis/Capra 8
EN Sul 53 P3 Ovis/Capra 8
EN Sul 53 Ovis/Capra 9
EN 33 E9/E10 Ovis/Capra 9
EN Sul 53 M3A Ovis/Capra P
EN M21 27 2 Ovis/Capra 0
EN M11 11 Ovis/Capra 10
EN M21 27 9 Ovis/Capra 2
EN L20 26 4 Ovis/Capra 5/6
EN E9 7/8 Ovis/Capra 9 6 E
EN Sul 53 P4C Ovis/Capra 12 9
EN L20/M20 26 5 Ovis/Capra 9 9
EN E9 7/8 Ovis/Capra 14
EN Sul 53 Ovis/Capra 15
EN Sul 53 P3B Ovis/Capra 9
EN Sul 53 N4D Ovis/Capra 9
EN L20/M20 26 5 Ovis/Capra 9
EN 35-1 E9 Ovis/Capra 9
EN JK17-18 39 2 Ovis/Capra 23
EN E10 7/8 Ovis 13
EN K22 41 Ovis 13
EN Sul 100 J3D Ovis 13
EN Sul 53 L4D Ovis 14
EN Sul 53 M3B/M4D Ovis 14 2?
EN M20 26 3 Ovis 17 9 5 ?U ?D
EN E9 10-6 Ovis 18 9 7
EN M21 27 8 Ovis? 13? 0 U
EN Sul 100 J2A Ovis? 14
EN E9 7/8 Sus a
EN E9 10 Sus a
EN M12 13 Sus a
EN Sul 53 L4D Sus a
EN L20-M20 26 5 Sus a
EN M8 21 Sus c
EN M11/12 11 Sus d
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Period Sector UE ambiente Tax dP4 P4 M1 M2 M3 M1/2 PS
EN Sul 53 Sus e
EN Sul 53 M3B Sus a
EN Sul 53 N4 Sus a
EN M21 27 2 Sus U
EN J17/K17 39 1 Sus c
EN Sul 53 N3 Sus a d? b?
EN Sul 53 Sus b
EN M11/12 11 Sus b
EN E9 10 Sus a
EN M21 27 Sus d
EN M20 26 3 Sus e
EN L20-21 37 2 Sus j
APPENDIX TABLE
Wear stages of the mammal teeth at Lameiras – Early Neolithic. These follow Payne (1987) for sheep and goat, and Grant (1982) for 
cattle and pigs. “PS” denotes the Payne (1973) mandibular wear stages for more complete mandibles. “P” denotes the presence of a tooth 
whose wear stage was not determined or determinable.
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APPENDIX B. LAMEIRAS LN TOOTH WEAR RAW DATA
Period UE ambiente Tax dP4 P4 M1 M2 M3 M1/2 PS
LN 68 M4D Bos a
LN 68 M3B Bos a?
LN 66 L3D Bos f
LN 68 M3C Bos f
LN 66 L3C Bos g
LN 74 J4C Bos k
LN 68 M3B Bos l?
LN 86 GLD Bos a
LN 68 K3A Bos g
LN 78 H4D Bos k
LN 74 J4C Bos k
LN 74 J4C Bos l
LN 68 K3C Bos a
LN 78 G3D Bos c?
LN 66 K3D Bos e,f or g
LN 78 G3D Bos h
LN 68 M4D Bos j f a U
LN 73 M3A Bos l
LN 4II M4 Capra 13 0 B
LN 68 M3B Capra 16
LN 73 L3A Capra 16 9
LN 73 L3A Capra 2-3
LN 68 M3C Capra? 18
LN 74 K4D Capra? 22
LN 78 G3D Ovis/Capra 0
LN 78 G3D Ovis/Capra 0
LN 68 L3D Ovis/Capra 0
LN 78 G3D Ovis/Capra 1
LN UC4 II N4 Ovis/Capra 10
LN 66 J3 Ovis/Capra 10
LN 74 J4C Ovis/Capra 12
LN 66 L4C Ovis/Capra 12
LN 68 J3/J4 Ovis/Capra 15
LN 86 H4C Ovis/Capra 15
LN 68 J3D Ovis/Capra 2
LN 68 M3B Ovis/Capra 2
LN 73 M3A Ovis/Capra 2
LN 68 M3B Ovis/Capra 4
LN 74 J4C Ovis/Capra 5
LN 73 L3B Ovis/Capra 5
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Period UE ambiente Tax dP4 P4 M1 M2 M3 M1/2 PS
LN 74 LC4 Ovis/Capra 5
LN 68 M3A Ovis/Capra 6
LN 78 G3D Ovis/Capra 6
LN 78 G3D Ovis/Capra 7
LN 78 H3B Ovis/Capra 7
LN 78 H3C Ovis/Capra 7
LN 68 M3B Ovis/Capra 7
LN 68 J3D Ovis/Capra 7
LN 78 H3C Ovis/Capra 7
LN 68 M4D Ovis/Capra 7
LN 68 M3B Ovis/Capra 7
LN 68 M3C Ovis/Capra 8
LN 73 J2A Ovis/Capra 8
LN 68 M3B Ovis/Capra 8
LN 68 M3B Ovis/Capra 8
LN 68 M3B Ovis/Capra 8
LN 68 M3B Ovis/Capra 8
LN 78 H3B Ovis/Capra 8
LN 78 H3B Ovis/Capra 8
LN 68 M3C Ovis/Capra 8
LN 86 H4C Ovis/Capra 8/9
LN 71 L4C Ovis/Capra 9
LN 68 J2A Ovis/Capra 9
LN 71 L3B Ovis/Capra 9
LN 71 L3B Ovis/Capra 9
LN 71 K4D Ovis/Capra 9
LN 66 K4C Ovis/Capra 9
LN 66 J3 Ovis/Capra 9
LN 66 J3 Ovis/Capra 9
LN 68 L3A Ovis/Capra 9
LN 68 M3B Ovis/Capra 9
LN 68 M3C Ovis/Capra 9
LN 73 L3B Ovis/Capra 9
LN 68 M3D Ovis/Capra 9
LN 68 M3B Ovis/Capra 9
LN 68 M3B Ovis/Capra 9
LN 74 L4D Ovis/Capra 9
LN 71 L4D Ovis/Capra 9
LN 66 L4D Ovis/Capra 9
LN 74 J4C Ovis/Capra 9
Continuation
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Continuation
Period UE ambiente Tax dP4 P4 M1 M2 M3 M1/2 PS
LN 71 L4D Ovis/Capra 9
LN 74 L4D Ovis/Capra 9
LN 78 H3A Ovis/Capra 9
LN 74 K4D Ovis/Capra 9
LN 73 L3B Ovis/Capra 9
LN 73 J2A Ovis/Capra 9?
LN 74 K4D Ovis/Capra 9?
LN 78 G3D Ovis/Capra 9?
LN 73 L3B Ovis/Capra P
LN 74 L4C Ovis/Capra P
LN 66 J3 Ovis/Capra 10
LN 71 L3A Ovis/Capra 10
LN 73 K3C Ovis/Capra 10
LN 73 L3A Ovis/Capra 10?
LN 4 III P4 Ovis/Capra 11
LN 73 K3B Ovis/Capra 11
LN 73 M3D Ovis/Capra 11
LN 68 M3B Ovis/Capra 12
LN 68 M3C Ovis/Capra 2
LN 68 K3D Ovis/Capra 2
LN UC4 II M4 Ovis/Capra 4
LN 68 M3B Ovis/Capra 4?
LN 74 L4D Ovis/Capra 6?
LN 71 L4D Ovis/Capra 7
LN 74 K4D Ovis/Capra 8
LN 74 LC4 Ovis/Capra 8
LN UC4 II M4 Ovis/Capra 9
LN 73 J2A Ovis/Capra 9
LN 68 M3B Ovis/Capra 9
LN 68 J2A Ovis/Capra 15 12 I
LN 73 L3B Ovis/Capra 9 9 F
LN 71 K4C Ovis/Capra 15 9 11
LN 68 K3C Ovis/Capra 15 9 11
LN 82 G30 Ovis/Capra 15 9 11 G
LN 82 G3B Ovis/Capra 9 4 0 D
LN 78 H3A Ovis/Capra 9 6
LN 86 H4D Ovis/Capra 9 6
LN 71 L3B Ovis/Capra 9 7
LN 68 J2A Ovis/Capra 9 7 1 E
LN 68 M4C Ovis/Capra 9 7 2? E?
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Period UE ambiente Tax dP4 P4 M1 M2 M3 M1/2 PS
LN 74 L4D Ovis/Capra 9 9
LN 74 L4D Ovis/Capra 9? 9
LN 86 H4D Ovis/Capra 0
LN 73 K3B Ovis/Capra 0 9 8 0 D
LN 66 J3 Ovis/Capra 11 9 9
LN 68 M3A Ovis/Capra 12
LN 82 G30 Ovis/Capra 12
LN 66 L4D Ovis/Capra 12
LN 68 M3A Ovis/Capra 12 8 F
LN 68 J3D Ovis/Capra 12 12 9 7 F
LN 71 L4C Ovis/Capra 12 15 9 11? G
LN 74 L4D Ovis/Capra 12 9 9 9 F
LN 74 K4D Ovis/Capra 14 11 9 11 G
LN 4II M4 Ovis/Capra 14 15 11 11 H
LN 68 M3B Ovis/Capra 15 15 12 11 H
LN 74 J4D Ovis/Capra 3 9 8 2 E
LN 68 M4D Ovis/Capra 5
LN 68 J2A Ovis/Capra 5 9 7 5? E/F
LN 68 M3C Ovis/Capra 8
LN 68 K3D Ovis/Capra 8
LN 74 LC4 Ovis/Capra 8 P 9 3 E
LN 74 L4C Ovis/Capra 9
LN 71 L4D Ovis/Capra 9
LN 71 L4C Ovis/Capra 9 9 9 6 E
LN 73 L3A Ovis/Capra 9? 11 9 10 F
LN 78 H3A Ovis/Capra 7,8 or 9
LN 68 L4D Ovis/Capra P
LN 73 L3B Ovis 12-14?
LN 68 M3A Ovis 13 0 B
LN UC4 II M4 Ovis 13? 7
LN 68 J3D Ovis 14
LN 78 H3C Ovis 14
LN 74 LC4 Ovis 14 5? 0 C
LN 68 K3C Ovis 14 7 U C
LN 78 G3D Ovis 16 7 0 C
LN 73 J2A Ovis 18 9 5
LN 78 H3C Ovis P
LN 74 J4C Ovis? 12-14?
LN 68 M3B Ovis? 12-14?
LN 4 III P3 Ovis? 14
Continuation
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Period UE ambiente Tax dP4 P4 M1 M2 M3 M1/2 PS
LN 74 J4C Ovis? 14
LN 68 K3B Ovis? 19
LN 68 M3B Ovis? 21 9 7 U D
LN 66 L4C Sus a
LN 71 K4D Sus b
LN 73 L3A Sus b/c
LN 68 K3D Sus c
LN 71 L3B Sus d
LN 68 M4C Sus f
LN 68 M4D Sus a?
LN 73 L3B Sus a-b
LN 73 K3C Sus b
LN 73 L3C Sus b
LN 68 J2A Sus b
LN 78 H3A Sus d
LN 4 III M4 Sus c a
LN 78 G3D Sus f e?
LN 68 J3/J4 Sus j d b
LN 73 K3D Sus a
LN 68 K3A Sus b f e b
LN 73 K3C Sus c
LN 73 L3A Sus a
LN 4 III N4 Sus a
LN 74 K4D Sus b
LN 73 M3A Sus b a
LN 73 L3B Sus d
LN 74 K4D Sus f
Continuation
APPENDIX TABLE
Wear stages of the mammal teeth at Lameiras – Late Neolithic. These follow Payne (1987) for sheep and goat, and Grant (1982) for cattle 
and pigs. “PS” denotes the Payne (1973) mandibular wear stages for more complete mandibles. “P” denotes the presence of a tooth whose 
wear stage was not determined or determinable.
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APPENDIX C. MEASUREMENTS OF FISH TEEH AND BONES
SECTOR UE NISP Bone Side Taxon M1 M2 M3 M4 AH Notes
M21 27-26 1 V (1-40) _ cf. Mustelus mustelus 7,36 7,69 6,93 _ _ Pierced
L22 47 1 V (15-40) _ cf. Mustelus mustelus 6,75 7,12 6 _ _ _
M21 27-2 1 V _ cf. Triakidae 14,56 15,63 11,08 _ _ Pierced
JK/17-18 39-8 1 V _ cf. Triakidae 12,29 13,12 8,65 _ _ Pierced
M20 26-3 1 V _ cf. Triakidae _ _ _ _ _ _
L20-L21 37-2 1 V cf. Triakidae _ _ _ _ _ _
L20-L21 37-1 1 V _ cf. Triakidae/ cf. Sphyrnidae/ cf. Carcharhinidae _ _ 6,8 _ _ _
Sul_N3A/
N3C 108 1 V _
cf. Triakidae/ cf. Sphyrnidae/ 
cf. Carcharhinidae 11,82 12,81 7,98 _ _ _
M21 27-2 1 V _ cf. Triakidae/ cf. Sphyrnidae/ cf. Carcharhinidae 9,09 8,01 4,41 _ _ Pierced
L20 26-4 1 V _ Elasmobranchii 5 _ _ _ _ Pierced
M21 27-2 1 V _ Elasmobranchii 3,46 3,42 _ _ _ Pierced
M21 27-8 1 V _ Elasmobranchii 5,83 6,56 4,25 _ _ Pierced
M18 31 1 V (1) _ Sardina pilchardus _ 2,4 _ _ _ _
M18 31 5 Vpc _ Sardina pilchardus _ _ _ _ _ _
M18 31 3 Vc _ cf. Sardina pilchardus _ _ _ _ _ _
J17-K17 39-1-2 1 Vpc _ cf. Sardina pilchardus _ _ _ _ _ _
J17-K17 39-1-2 1 Vpc _ cf. Sardina pilchardus _ _ _ _ _ _
J-K 17 39-2 1 V _ cf. Sardina pilchardus _ _ _ _ _ _
E9 10 1 Vc (12-13) _ cf. Pomatomus saltatrix 13,12 15,114 17,41 _ _ _
J-K 17_18 39_3 1 Vpc (6) _ cf. Sciaenidae Argyrosomus regius _ _ _ _ _ _
J-K 17 39_1 1 Vpc _ cf. Sciaenidae _ _ _ _ _ _
J17/K17 39_1 1 DT R cf. Dentex gibbosus _ _ _ _ 16,39 _
L20-L21 37_2 1 Vpc (2-3) _ cf. Dentex gibbosus 15,19 15,47 12,19 _ _ _
E9/E10 33 1 DT R Pagrus sp. _ _ _ _ 10,51 _
J-K 17_18 39-7 1 Vpc _ cf. Pagrus sp. 8,85 8,31 8,76 _ _ _
J17-K17 39-1 1 V _ cf. Sarpa salpa 8,22 _ 10,72 _ _ _
J-K 17_18 39-2 1 Vc _ cf. Sarpa salpa 3,73 3,82 5,92 _ _ _
L20-M20 27-7 1 Vc _ cf. Sarpa salpa 3,94 3,76 6,98 _ _ _
E10 07-8 1 Vpc (2) _ Sparus aurata 11,87 12,27 9,05 _ _ _
JK/17-18 39-2 1 Vpc (2-3) _ cf. Spondyliosoma cantharus 9,62 9,88 7,3 _ _ _
L20/M20 26-5 1 d _ Sparidae _ _ _ _ _ _
J-K 17_18 39-2 1 Vpc _ Sparidae 7,46 8,54 10,61 _ _ _
M21 27-7 1 d _ Sparidae _ _ _ _ _ _
J-K 17_18 39-2 1 Q _ Sparidae _ _ _ _ _ _
J-K 17_18 39-2 1 Vc _ Sparidae 8,23 8,26 11,03 _ _ _
J-K 17_18 39-5 1 d _ cf. Sparidae _ _ _ _ _ _
J-K 17-18 39-7 1 V _ cf. Sparidae _ _ _ _ _ _
N3C 113 1 d _ cf. Sparidae _ _ _ _ _ _
M18 31-1 1 V _ cf. Sparidae _ _ _ _ _ _
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1 OP L cf. Sparidae _ _ _ _ _ _
E9 10-6 1 Vpc (9-11) _ Liza sp. _ _ 9,69 _ _ _
JK/17-18 39-2 1 V _ Teleostei _ _ _ _ _ _
JK17-18 39-4 1 V _ Teleostei _ _ ((8,85)) _ _ _
J-K 17-18 39-7 1 Vpc _ Teleostei _ _ 5,9 _ _ _
J-K 17-18 39-2 1 Vc _ Teleostei _ _ _ _ _ _
E9 10 1 V _ Teleostei _ _ _ _ _ _
L20-M20 26_5 1 V _ Teleostei _ _ _ _ _ _
Sul-M3D 53 1 Vpc _ Teleostei _ _ _ _ _ _
J-K 17-18 39-2 1 CR _ Teleostei _ _ _ _ _ _
J-K 17-18 39-2 1 Q _ Teleostei _ _ _ _ _ _
E9 10 1 Q _ Teleostei _ _ _ _ _ _
J-K 17-18 39-3 1 PTP R Teleostei _ _ _ _ _ _
J-K 17-18 39-2 1 POP frag-ment? R? Teleostei _ _ _ _ _ _
J-K 17-18 39-2 1 Vpc _ Teleostei 3,96 3,34 4,35 _ _ _
M20 26-3 1 Dorsal fin spine _ Teleostei _ _ _ _ _ _
E9-10 33 1 Dorsal fin spine _ Teleostei _ _ _ _ _ _
E9 10-6 1 Undetermined _ Undetermined _ _ _ _ _ _
J-K 17-18 39-2 1 Undetermined _ Undetermined _ _ _ _ _ _
J-K 17 39-2 2 Undetermined _ Undetermined _ _ _ _ _ _
M21 27-5 1 Undetermined _ Undetermined _ _ _ _ _ _
Sul-L4A 85 1 V _ Chondrichthyes 5,76 5,98 4,02 _ _ _
Sul-L4D 106 1 Vpc2 _ cf. Sparus aurata 7,63 7,11 5,18 _ _ _
Sul-L4A 85 1 Vpc2-5 _ Scomber scombrus 5,69 6,33 9,31 _ _ _
K3D 73 1 d _ cf. Lamnidae (Isurus oxyrinchus ) 32,18 14,42 _ _ _ _
Sul-K4D 71 1 d _ Sparus aurata 17,06 4,44 _ _ _ _
Sul-L3B 73 1 d _ cf. Sparidae _ _ _ _ _ _
Sul-L3B 73 1 d _ ND _ _ _ _ _ _
Sul_M3A 119 1 V _ Chondrichthyes 
(cf. Triakidae)





1 V _ Teleostei _ _ _ _ _ _
Continuation
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SECTOR UE NISP Bone Side Taxon M1 M2 M3 M4 AH Notes
E9 7 1 O_sagitta _ cf. Merlucciidae _ _ _ _ _ _
E10 7 1 Vc19 _ Trachurus trachurus 6,05 7,62 11,34 _ _ _
10 7 1 PLT L cf. Sparidae _ _ _ _ _ _
E10 7 1 PM _ NID _ _ _ _ _ _
APPENDIX TABLE
A list of the Lameiras fish remains with their measurements. Key Bone: DT - Dentary; d - individual teeth; O - Otolith; OP - Opercu-
lum; PLT - Palatine; PM - Premaxilar; PTP - Postemporal; Q - Quadrate;  V - vertebra; Vpc - Precaudal vertebra; Vc - Caudal vertebra 
(numbers indicate the position of the vertebra in the vertebral column counting from the first vertebra onwards); Side: L - Left; R - Right; 
Measurements in millimetres (following Morales & Rosenlund, 1979): AH - Anterior height of the dentary; M1 - Greatest dorso-ventral 
height of the centrum (cranial view); M2 - Greatest medio-lateral breadth of the centrum (cranial view); M3 - Greatest cranio-caudal 
length of the centrum (lateral view). 
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